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ABSTRACT
The economic life of the early colonisers of semi-arid western New 
South Wales is represented by many small open sites mainly preserved 
within sand dunes. Preservation of organic materials in this 
environment has been dependent upon rapid deposition of overlying 
sediments to protect them from erosion and degradation. Once 
uncovered, fragile material such as freshwater Crustacea carapace and 
fish bone rapidly decays, shell fragments and disperses, while other 
materials such as fish otoliths and clay hearthstones survive much 
longer. An understanding of this problem has allowed analysis to 
proceed to the following results:
1. The 232 recorded archaeological sites containing faunal remains 
and associated with the water channels and lakes of the lower Darling 
River region in western New South Wales span a period of 27,000 
years BP to the present. However preservation of materials within this 
time span is uneven both spatially and temporally. The distribution 
pattern of these archaeological sites in time and space is largely a 
reflection of past geomorphological processes rather than past cultural 
preference of campsite positions.
2. By noting the condition of the site materials it is possible to 
determine their contemporaneity to some extent. Typically a well- 
preserved Pleistocene site in the lower Darling River region consists of 
a single concentration of bivalve remains but species other than shell 
fish dominate some of the other Pleistocene sites. Sites dominated by 
other species, however, resemble the shell middens in that they 
characteristically consist of a single cluster of faunal remains. Species 
other than the dominant species are rare or absent. This suggests a 
foraging strategy in which collectors targeted a single species for each 
foraging expedition.
3. The large numbers of individual animals in some of the sites 
which represent such single expeditions indicate that the gathering of 
aquatic species was not incidental to basic survival strategies. In 
addition, the large numbers of fish present in such sites coupled with 
the size distribution of the fish represented in the sites suggests the use 
of nets to capture the fish.
Thus the Darling River material represents the oldest evidence in 
the world for systematic exploitation of aquatic resources. This and the 
associated fibre technology may well be a tradition seated deep in 
Pleistocene Asia.
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1Chapter 1 
INTRODUCTION
The main objective of this research project is to investigate the 
economic life of the early colonisers of semi-arid Australia. The 
archaeological evidence analysed in this thesis derives from about 250 
open sites in western New South Wales in which faunal remains 
have been well preserved.
The impetus for my work sprang from the spectacular 
archaeological finds of Pleistocene sites around the overflow lakes of 
Willandra Creek (see Figure 1.1) during the 1960s. These sites, dating 
from about 30,000 years ago to the present, not only contain stone 
artefacts but also food remains and skeletal material preserved within 
sand dunes which provide stratigraphic integrity. The finds 
transformed the prehistory of this part of the world in three major 
ways.
i. The Willandra sites included some of the oldest recorded 
exploitation of aquatic resources in the world. In particular fish 
remains, which are rare in Pleistocene sites elsewhere in the world, 
appeared to be abundant in many of the Willandra sites.
ii. The comparatively large number of Pleistocene sites provided a 
regional data set which allowed, for the first time, the possibility of 
looking at the variation of Pleistocene human behaviour within a 
single area. In addition, because the sites are mainly preserved in 
lunettes (sand dunes on the eastern margins of the Willandra Lakes), 
which recorded lake oscillations (Bowler 1971), changes in behaviour 
associated with climatic change can be recorded.
iii. The Willandra regional data set provided an important new 
addition to current and subsequent discussion about the first 
adaptations and colonisation of Australia.
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Figure 1.1 The lower Darling River region.
3This research addresses these principal issues through an analysis of 
faunal remains in a neighbouring hydrological system, the lower 
Darling River (Figure 1.1), where there are similarly preserved 
archaeological remains.
In this thesis I am investigating prehistoric "economic life" by 
which I mean food collecting strategies, including the material 
technology required by those strategies. In electing to analyse 
archaeological fauna from open sites, I have been conscious of the 
limitations of cave sites as sources of information about the variation 
in economic behaviour of past human populations. It was my specific 
intention that this research would not be similarly limited. At the 
same time, the archaeological sites in western New South Wales are 
all associated with lacustrine and riparian sediments and it was 
inevitable that the work would focus on this aspect of the economy.
The unusual abundance of fish within the sites compared to 
Pleistocene sites elsewhere in the world, particularly in view of the 
complicated technologies that may be associated with procuring fish, 
has influenced me to concentrate on the analysis of sites containing 
fish remains.
The oldest sites analysed in this study date to about 28,000 years BP. 
Although some older sites dating to about 40,000 years and perhaps up 
to 60,000 years (Roberts et al 1990) have been recorded, the sites 
analysed for this research are amongst the oldest in Australia. Apart 
from Devil's Lair in Western Australia, two cave sites in south west 
Tasmania and the Willandra sites, they are the oldest archaeological 
sites containing organic remains in Australia and are therefore the 
earliest direct evidence of the food sources used by the first colonisers 
of Australia.
The area in which the archaeological sites studied in this work are 
located has been described by Bowler and Magee (1978) as semi-arid 
and there are few sources of permanent water away from the main 
river channels. The relative abundance of sites containing organic
remains in western New South Wales is a result of their preservation 
within sand dunes associated with the lakes and watercourses in the 
region. Faunal material is preserved within these dunes when, during 
periods of rapid sedimentation, it is quickly covered and therefore 
protected from erosion.
Context of the Research
The significance of the three issues identified above can be seen in 
the light of Pleistocene economies elsewhere in the world where there 
is a relatively little evidence of exploitation of aquatic food resources.
Isolated remains of aquatic food resources have been found on the 
earliest archaeological sites including Koobi Fora and at Olduvai Gorge 
in east Africa. However the faunal material in these areas occurs in 
both natural and cultural contexts and has not been demonstrated to 
be the remains of human meals. Greenwood and Todd (1970) have 
suggested that fish at Olduvai probably represents Primates' food 
because only two families (and probably only two genera) of fish are 
present throughout Beds I and II of Olduvai and most of the material 
is associated with living sites. However despite the large quantities of 
aquatic fauna from these sites, there have been limited taphonomic 
studies. Jones (1984) has suggested that this may be because most of the 
small bones from the early sites have been turned over to 
palaeontologists for environmental reconstruction. Archaeologists 
appear to restrict their attention to larger mammals.
Both Meehan (1982) and Waselkov (1987) have reviewed the 
evidence for early shellfish collection. At Terra Amata, on the French 
Riviera, there are small quantities of shellfish dated to about 300,000 
BP (de Lumley 1972; Vila 1983). However the oldest unequivocal use of 
aquatic faunal resources comes from cave sites at the Klasies River 
Mouth in South Africa where there is evidence of occupation dated 
between about 130,000 years ago and 70,000 years ago (Shackleton 1982). 
Here the earliest inhabitants collected limpets, sea mammals and birds.
5However relatively few fish remains were recorded from the site and 
land mammals seem to have been more important (Binford 1984).
Open shell midden sites dating to the same period have also been 
found in the Klasies area (Brink and Deacon 1982; Volman 1978).
These coastal middens contain predominantly (by numbers of 
individuals) shellfish with a few mammal remains.
One of the very few other Pleistocene sites in the world containing 
the remains of aquatic resources is Devils Tower, a Mousterian site on 
Gibraltar, where mollusca are very abundant in the upper levels 
(Garrod et al 1928). Mollusca were also recovered from Haua Fteah in 
Libya dated from 47,000-43,000 BP (McBurney 1967). McBurney, p. 59 
reports "dense masses of food remains in many cases virtual 'kitchen 
middens'".
In contrast, remnants of Holocene marine and freshwater fishery 
are fairly common through out the world. Some archaeologists (eg 
Cohen 1977; Osborn 1977) have suggested that the lack of Pleistocene 
middens may be a reflection of the fact that many of the Pleistocene 
sites are submerged by post-Pleistocene rising sea levels. Support for 
this suggestion lies in the fact that most of the Pleistocene middens are 
either on coasts with steeply sloping continental shelves or in places 
where they were occupied during periods when sea levels were higher 
than today. In addition there are examples of submarine shell middens 
(eg Goodyear and Warren 1972).
On the other hand sites situated by steeply sloping continental 
shelves, such as the Spanish Cantabrian sites, indicate that although 
shellfish are abundant in the Asturian (early Holocene), they are 
infrequent in the sequence for the 20,000 previous years (Clark, 1983).
Freshwater middens are less affected by sea level changes and yet 
most of those recorded are less than 10,000 years old (Cohen 1977). 
Again there is the question of survival and it is possible that the 
general rarity of early riverine archaeological sites may be a result of 
erosion or burial by flood deposits.
Because of the the rarity of aquatic fauna in Pleistocene 
archaeological sites, the expansion of foraging economies to include a 
reliance on aquatic food resources and improved fishing techniques is 
generally considered to have been a marker of the transition from the 
Palaeolithic to the Mesolithic in Europe and of the Palaeo- 
Indian/Archaic transition in America - see Binford (1968) and Hayden 
(1981) for reviews of these transitions. Essentially the most common 
explanation for this transition is that population increases placed stress 
on optimal food resources and led to the use of less efficient resources 
including aquatic foods (eg Clark 1981).
Meehan (1982 p. 3) "finds it improbable that the resources of the 
coast were not used by our early ancestors". Meehan has also shown 
that shellfish collection can be an efficient use of people's foraging 
time. In an analysis of the role of shellfish in the diet of the Anbarra in 
Australia's Arnhem Land, Meehan (1977) found that although not 
important calorifically, shellfish are important as a food source because 
they can be collected by people who might otherwise be relatively 
unproductive (such as old or heavily pregnant women, and children) 
and it is an activity in which children can partake thus diverting them 
from other foraging parties where the children might be a greater 
hindrance.
Most of the studies which review the evidence for exploitation of 
aquatic foods concentrate on shellfish. However most shellfish are 
relatively easy to collect and require no complicated technology. The 
use of other aquatic faunas, such as fish and mammals requires more 
specialised technology. Shoreline and freshwater fishery may be done 
with spears but more abundant harvests and off shore fishery require 
traps, nets or fishhooks. Although it is clear that there are Pleistocene 
sites containing evidence of intensive use of shellfish, fish and other 
aquatic remains are much rarer in Pleistocene sites. For example at the 
Sea Harvest site on the Klasies River, which is about 70,000-60,000 
years old, fish are represented by only one vertebra compared to 212 
mollusca (Volman 1978). There are two tortoise individuals and one 
cormorant individual in the assemblage.
Analysis of faunal remains from Haua Fteah is confined to large 
mammals such as bovines, horses and antelopes and medium sized 
mammals such as hares (Higgs 1967). While McBurney (1967) reports 
that dense masses of shellfish are present in the site, the analysis of 
these in the site report is confined to a section on oxygen isotope 
methods for determining palaeotemperatures. Thus it is not clear 
whether other marine fauna was recovered from the site.
Even in the late Pleistocene, aquatic faunas other than shellfish do 
not seem to be a large component within archaeological faunal 
assemblages. For example, both marine and anadromous fish remains 
are present from the earliest occupation levels (20,000 year old 
Solutrean levels) at La Riera Cave in northern Spain. A total of 209 
fish remains were recovered (Menendez de la Hoz, Straus and Clark 
1986) from the sequence which covers the Solutrean to Asturian 
periods. This compares with 104 bird bones (Eastham 1986) about 
19,755 shellfish (Ortea 1986) and about 31,480 identifiable mammal 
remains (Altuna 1986). Minor quantities of fish remains have also 
been recovered from other Solutrean and Magdalenian sites in 
northern Spain. Such an absence may be simply explained by poor 
preservation - as Menendez de la FIoz et al (1986) point out, fish bones 
are fragile and therefore more subject to decay than the bones of other 
animals. This explanation may be justified at La Riera Cave where 
only a few small rodent bones have been recovered.
The absence of fish remains from other Pleistocene sites may be 
similarly explained by poor preservation or possibly by the techniques 
used in excavation of the sites. An analysis of published data of the 
faunal assemblages from 13 Upper -Middle Palaeolithic Perigord sites 
(Simek and Snyder 1988) found that in contrast to the 73,436 large 
herbivores fragments identified, only 3,123 fish remains have been 
been identified from the sites. As all 13 sites are within river valleys, 
this number may seem surprisingly low. On the other hand all are 
cave sites, yet only 8 bat fragments were identified. This suggests that 
small animals may be under-represented in the sites. The fauna from 
the Upper Palaeolithic sites have been recently re-analysed by Delpech
8(1983) and a bias towards reporting only the remains of large animals 
by faunal analysts in the 1950s and 1960s is therefore an unlikely 
explanation for the few identified fish remains. As the sites were 
mostly excavated in the 1950s and 1960s (the most recent excavation 
was in 1971), before the emphasis on wet and fine mesh sieving, the 
apparent bias may only reflect the fact that sieves with sufficiently 
small screens were not used by the excavating archaeologists.
An alternative explanation for the paucity of fish bones in all of 
these sites is that the people who once occupied the caves may have 
processed fish at the fishing site and did not take fish bone into caves. 
However this explanation seems unlikely in view of the fact that 
shellfish remains have been found in abundance at some Pleistocene
t
sites. There seems no apparent reason why the two marine resources 
might have been treated differently.
A recent study on the use of marine resources in the Upper 
Palaeolithic of France (Hayden, Chisholm and Schwarcz 1987) indicates 
that fish were not a major component of people's diet in this region 
until the Magdalenian period. Recognising the taphonomic problems 
in the recovery of fish remains, Hayden et al measured the stable- 
carbon isotope ratios (l^C and ^ C ) in samples of human bone from 12 
individuals from sites in the Les Eyzies and Auverge area and from 
Duruthy, a site in the central Pyrenees to determine the contribution of 
marine and terrestial foods in the diet (see Sealy and van der Merwe, 
1986 for a review of this technique). Stable-isotope ratios of herbivore 
bones from sites in the area were also measured as a control. Five of 
the human specimens were dated between 30,000-25,000 years BP, four 
were about 18,000 years old, one about 13,000 years old, two about 12,000 
years old and the Pyrenees sample was 11,150 years old. The results of 
Hayden et al were that, for all of the humans except the three youngest 
specimens, the intake of marine species were either non-existent or 
minimal. The remaining three indicated that between 7% and 16% of 
their diet was derived from marine sources. Thus they conclude that 
marine species (in this area the most likely source was Salmon) was 
not a major component in the diet in this region during the Upper
9Palaeolithic. These findings, they suggest, agree with Hayden's (1981) 
argument that systematic fishing (central to survival) as opposed to 
opportunistic fishing (incidental to basic survival strategies) does not 
occur anywhere in the world until the end of the Pleistocene.
Harpoons associated with the late Magdalenian, they argue, represent 
the early stages of a big game hunting tradition adapting to the 
exploitation of a new resource - fishing. Hayden et al (1987) conclude 
therefore, that changes in the resource base represented in the 
European Mesolithic stem directly from technological change rather 
than to any major climate change.
These conclusions are supported by the lack of evidence for any 
specialised fishing technology such as harpoons, net weights and 
hooks from sites elsewhere in the world which are older than the late 
Pleistocene. From the end of the Pleistocene, however, both 
technological evidence and faunal evidence for fishing is abundant 
from areas all over the world (see Mellars 1978). Examples of studies of 
early freshwater fishery include Hongo (1989) for the Jomon period in 
Japan and Cleland (1982) for the northern Great Lakes.
In summary, there are some sites in the world dating from the last 
interglacial which contain evidence for the intensive use of shellfish. 
However, there is a lack of evidence for intensive use of fish at any of 
these, or other early sites. This appears to be more likely related to the 
lack of systematic use of fish in the world until the late Pleistocene 
rather than a bias in the Pleistocene record.
In the Pacific the oldest evidence for the use of marine resources is 
represented by a dense marine shell midden dated to about 33,000 years 
BP within cave deposits on New Ireland (Allen, Gosden, Jones and 
White, 1988) Some marine fish were also identified from the midden 
(Jones 1990; Wickler and Spriggs 1989) in Kilu cave on the Solomon 
Islands.
The western New South Wales evidence of early aquatic 
exploitation is therefore not geographically isolated but the presence of
sites dominated by fish remains is unprecedented in other parts of the 
world at this time. Therefore three important questions which this 
research asks are :
i) Do these fish remains represent Hayden's "opportunistic" or 
"systematic" exploitation?
ii) If the fish remains do represent systematic exploitation, why are 
such strategies evident in western New South Wales so much 
earlier than elsewhere?
iii) What strategies were used to obtain the fish?
If the fish in the western New South Wales sites were caught 
systematically, then presumably there should be some evidence of the 
fishing technology used. Published work on early fishing technologies 
relies on surviving artefacts to indicate the technology used. For 
example, Cleland (1982) documents fishing technologies in the Late 
Archaic period (about 5,000 years ago) of the Great Lakes region in 
North America through the identification of fishhooks and gorges, 
fish spears, net sinkers and fish weirs.
A summary of the artefacts likely to survive from different fishing 
methods is provided by Colley (1987). The most common artefacts of 
fishing technology are hooks, which are present in many coastal 
eastern Australian sites (see for example, Bowdler, 1975). Stone sinkers 
used to weigh down nets are common in coastal sites outside 
Australia. The oldest stone evidence for the use of nets comes from 
the Atlantic coast where stone sinkers have been dated to about 9,000 
years BP (Kraft 1975). The site of Lamoka Lake in north-central New 
York in the lower Great Lakes region provides the oldest net sinkers 
(about 4,500BP) associated with inland fishery (Ritchie 1965). However, 
nets do not necessarily require the use of stone sinkers. Stone sinkers 
were not ethnographically recorded with Aboriginal nets used in 
western New South Wales at European contact. It is therefore 
conceivable that they were also not used in the past and that
technological remains of systematic fishing techniques may not 
survive in sites where preservation conditions for plants (fibre 
netting) is poor.
The aspect of the western New South Wales data which allows the 
three questions identified above to be addressed is that there is an 
abundance of Pleistocene sites within the region from which variation 
in human behaviour can be recorded. Most of what is known about 
Pleistocene behaviour in the world comes from cave sites. Evidence 
from caves, however is no more than a "core" sample from the wider 
cultural landscape. Without records from other, associated sites, it is 
difficult to speculate about how representative the cave evidence is of 
the total cultural record. This problem is also present in Australia 
where until the Willandra finds were made, what was known about 
the Pleistocene came from isolated cave or rocksheiter sites scattered 
over the continent. In addition to these isolated cave sites, Pleistocene 
skeletal material had been collected from locations mainly along the 
Murray River, in alluvial terraces at Keilor in Victoria and one skull 
had been found at Talgai at the headwaters of the Darling River in 
south eastern Queensland.
This large and variable archaeological record also provides a 
regional data set which is an important addition to current discussion 
about first adaptations and colonisation of the continent.
The megafauna question that Martin (1967) and for Australia, 
Merrilees (1968), Horton (1980), Jones (1968) and others were 
attempting to answer from Pleistocene sites in the 1960s and 1970s, is 
essentially about colonisation - how people behave when they first 
arrive in a new continent. The question of colonisation continues to 
be the major theme in Pleistocene Australian archaeological studies. 
Indeed the timing of colonisation of different parts of the world, the 
technology of colonisation and the kinds of adaptations necessary for 
colonisation are amongst the major questions in world prehistory.
That the first colonisers of Greater Australia arrived by boat is 
evidenced by the fact that Australia has been separated by water from 
the other continents since well before hominid evolution. The oldest 
radiocarbon date for an archaeological site in Australia comes from the 
Swan River valley in Western Australia. This date of 38,000 years BP is 
on charcoal found in association with about 900 stone artefacts in 
alluvial sediments (Pearce and Barbetti 1981). There are other 
radiocarbon dates of 30,000 years or more from areas widespread over 
the continent - Devil's Lair in south west Australia (Balme, Merrilees 
and Porter 1978), Bluff Cave and ORS 7 in south west Tasmania 
(Cosgrove 1989) and Sandy Creek in Cape York (Morwood 1989).
Older occupation dates have been determined using the 
thermoluminescence dating technique. Five stones from the 
Cranebrook alluvial terraces near Sydney, which Stockton and 
Holland believed to be artefacts, were found in same stratigraphic 
sediments as a thermoluminescence date on burnt sediment of about
40.000 years BP (Nanson, Young and Stockton 1987). There is also a site 
on Huon Peninsula in north east New Guinea dated by 
thermoluminescence to about 40,000 years ago (Groube, Chappell,
Muke and Price, 1986) and a recent thermoluminescence date of about
60.000 years BP for Malakunanja II, a site in Arnhem Land (Roberts, 
Jones and Smith 1990). The possiblility that some of the older sites 
dated by radiocarbon may be of equivalent ages to the sites dated by 
thermoluminescence is discussed in Chapter 8 but this list 
demonstrates that colonisation of widely separated areas in Australia 
had occurred by about 40,000 years ago.
The cultural diversity of Australian Aborigines is indicated by the 
presence of about 200 Aboriginal languages at the time of European 
contact (Dixon 1980). At that time they were also physically diverse and 
occupied all the major environments of the continent. Understanding 
the processes which led to this situation is an important objective of 
Australian prehistory.
Discussions about the colonisation of Australia have developed 
alternative theories about cultural and economic adaptations. On the 
one hand one can propose that the colonisers were culturally 
conservative, pre-adapted to strategic parts of the Australian 
environment. Bowdler's (1977) paper where she suggests that 
colonisation depended on the sequential occupation of marine, 
riverine and lacustrine niches draws on this model. For this argument 
she uses the Willandra data extensively.
Birdsell's (1957) earlier argument that colonisation was very rapid 
has been taken to imply that the colonisers were technically and 
culturally flexible adapting quickly to the Australian environment. 
While Birdsell's argument has weaknesses, the view that the first 
people rapidly adapted has been supported by other archaeologists (eg 
Jones 1968; Merrilees 1968) who interpret the accelerated extinction of 
megafaunal species in the Pleistocene to be related to the arrival of a 
dynamic hunting culture. The underlying assumption here is perhaps 
that shared by proponents of Optimal Foraging Theory that hunters 
will target the species for which they will receive the highest return for 
the least effort. In this respect the colonists are considered flexible in 
that no matter what they collected before they arrived in the continent, 
they were prepared to specialise on large marsupials.
It is of course difficult to answer the question of whether the first 
colonists were conservative. The way in which people behave depends 
upon the goals directing the activities of the group. It seems 
impossible to speculate on how people might have behaved without 
considering what they came with. For example, while the timing of 
colonisation of the Americas is controversial, the earliest unequivocal 
archaeological remains date to about 12,000 years ago, from Bluefish 
Caves in the Yukon, Meadowcroft rocksheiter in North America and 
Pikimachay Cave in Peru. Settlement of the continent probably 
occurred sometime during the last glacial maximum. At that time big- 
game hunting was an important part of the diet in extreme arctic 
latitudes of Europe and Asia (Gamble 1986). The first colonisers thus 
arrived from Siberia with a technology suitable for big game hunting
and in this context it is not unreasonable to speculate that they 
continued to do so on the American continent. Thus while it is not yet 
clear whether the first Americans concentrated on large animals when 
they arrived in America, their stone technology with its emphasis on 
points did give them the opportunity to hunt large and medium 
game.
By contrast, the tool kit associated with the earliest recorded 
archaeological sites in Australia is relatively unspecialised. The 
quantity and variation in Pleistocene archaeological sites in the 
Murray-Darling basin appears to offer the best prospects for 
establishing early subsistence strategies. In particular the question of 
variability of economic behaviour, as a marker of adaptation, needs to 
be established within a landscape of economic opportunity. One of the 
overriding objectives of this research has been to document the 
exploitation strategies from the oldest recorded sites to the present and 
to record changes or adaptations that might have occurred in these 
strategies.
Selection of the research area
I was excited by the Willandra finds because I had previously 
struggled with such issues as early Pleistocene exploitation and 
adaptations using the limestone cave site, Devil's Lair as an exemplar. 
In other words, with the problems of cave sites outlined above. 
However the major part of the analysis of the faunal remains from 
Devil's Lair was the development of techniques for determining the 
differences between bones which were the remains of people's meals, 
the remains of other predators' meals, and of animals which had died 
naturally in the cave.
The site was originally selected for excavation in 1970 by Duncan 
Merrilees after he found a human incisor amongst fossil mammal 
bones previously collected from the cave by palaeontologists. As it was 
in the same region as Mammoth Cave, where the remains of extinct
fauna had been found, Merrilees thought that Devil's Lair had the 
potential to provide the association of extinct fauna and people. 
Merrilees believed that if this association could be established, it would 
help his argument (Merrilees, 1968) that people had been a major 
contributor to the extinction of many large faunal species (megafauna) 
in Australia.
As it turned out, association between people and extinct fauna could 
not be proven from the Devil's lair material but the excavation of this 
cave typified Pleistocene archaeological research in Australia at that 
time. Archaeologists wanting to research Pleistocene archaeological 
remains, excavated rock shelters which are easy to interpret 
stratigraphically and where the longest sequences are most likely to be 
found. They also preserve organic remains.
I was attracted by the evidence in western NSW because the sites 
were open sites and were therefore more likely to record the variation 
in economic activity. At the same time, disengaging the archaeological 
remains from the refuse of other carnivores or natural deaths was 
likely to be less complicated as faunal remains in western NSW are 
preserved by rapid deposition of overlying sediments allowing little 
time for such contamination.
For this project I decided to work in the lower Darling River region 
rather than the Willandra. The three major reasons for this decision 
were:
i) I visited Lake Tandou and Lake Mungo in 1980 and noticed that 
there were many more recently exposed sites (identified from 
their relatively uneroded state) at Lake Tandou than there were 
around Lake Mungo.
ii) Most previous research had concentrated on the Willandra 
region and comparative data from the Darling could provide 
information about variation in the archaeological record from 
the Murray-Darling Basin.
iii) Jeannette Hope, then of the Department of Prehistory R.S.Pac.S., 
had recently received a large grant from the National Parks and 
Wildlife Foundation to organise a regional interdisciplinary 
study in the lower Darling (The Darling Project). The advantages 
of being associated with other people working on different 
aspects of the area including geomorphology as well as sharing 
equipment, are obvious.
Within the lower Darling, I selected the area shown in Figure 1.2 as 
the major focus of my study mainly because it represents a physically 
manageable region known to contain existing and ancestral waterways 
providing comparative material from different hydrological 
situations. It was important to include Lake Tandou within this area as 
this was where other members of the Darling Project were 
concentrating their initial research.
Despite the opportunities that that western NSW presented it was 
clearly not without its problems. Most previous archaeological studies 
in the Murray-Darling basin had been restricted to either a single site or 
small parts of the total area, particularly at Lake Mungo. At the time I 
took up this project there was a lack of detailed understanding about 
the distribution and character of the material culture in the Murray- 
Darling basin including the nature and quality of economic 
information in open sites. This is partly because the analysis of the data 
in the Murray-Darling basin is constrained by two related central 
methodological problems:
1. The selective preservation of archaeological material in 
Western NSW
2. The difficulty of recording and analysing material from exposed 
open sites exposed by erosional processes.
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1. Selective preservation
During 1980, before joining the Darling project, I visited the 
Menindee area with Tony Dare-Edwards and Jeannette Hope and 
noted that sites containing organic remains are preserved mainly in 
aggrading deposits associated with lakes and water channels. Organic 
remains are not common, for example, on the red sand plain 
surrounding the river floodplain presumably because the remains on 
this surface are not protected from erosional processes. On the other 
hand, organic remains are only found on those surfaces which are 
currently actively eroding (thereby exposing the remains). Essentially 
archaeological sites containing organic remains are restricted to 
sedimentary units associated with lakes and water channels and to 
floodplain sediments currently being eroded by present day water 
courses.
Despite the restricted distribution of archaeological sites containing 
organic remains, other kinds of sites are present on the floodplain and 
in areas away from the river. Archaeological remains are common 
throughout the Murray-Darling basin. Hearths of baked clay and 
carbonate fragments are the most abundant archaeological feature 
present, and occur on both the floodplains and sandplains 
surrounding the lakes and watercourses. Other sites include occasional 
artefact scatters and scarred trees. Surface scatters on the floodplain and 
in the areas away from the river have little stratigraphic information. 
Their relationship to those sites within geomorphological features 
directly associated with rivers and lakes is usually not clear. Following 
these initial observations, I decided to restrict my subsequent surveys 
for sites to the river and water course margins where sites containing 
organic remains were most likely to be found. The consequence of 
such selection, I was aware, would result in sample bias which 
focussed on people's behaviour around rivers and lakes. However this 
is the nature of fragmentary archaeological evidence. I have 
emphasised the relationship between prehistoric human communities 
and the rivers and lakes of the Darling region and aimed to record and 
explain changes in the role of lacustrine and riparian resources in the
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economy during the last 30,000 years. Other aspects of the food 
economy in western New South Wales must be inferred from the data 
associated with rivers and lakes.
2. Erosional exposure of open sites
The major difficulty with the study of open sites is that their 
recording depends on present day exposure. Once exposed and during 
the process of erosion, there are the problems of contamination by 
non-contemporaneous materials and of uneven decay. The problem of 
non-systematic exposure over a large area was recognised at the 
Willandra. Shawcross's approach to the problem was to excavate to a 
considerable depth a large area at the southern end of Lake Mungo, 
where previous surface finds had been most abundant (Shawcross and 
Kaye 1980). The success of this was limited as very little material was 
found and the excavators found that rather than resting on a distinct 
former land surface, the cultural remains were "diffused through the 
deposits" (Shawcross and Kaye 1980 pl23). The fact is that there is a lot 
of sand between the archaeological sites within dunes and while it 
may be possible to predict the most likely area to find sites, it seems 
impractical to continue to dig large holes in the hope of a lucky strike. 
A more productive strategy is to work with what is available (exposed) 
and to develop techniques to extract the most information.
The problem of a lack of control over exposure is compounded by 
the fact that materials of different ages may become mixed both 
laterally and vertically during periods of prolonged erosional 
exposure. In addition, different archaeological materials decay at 
different rates so that sampling techniques used to compare frequency 
of materials as an indicator of past food preferences are unlikely to be 
reliable. Harry Allen (1972) had dealt with this problem by accepting 
the fact that the material was mixed and simply comparing 
presence/absence of species with that of the ethnographic records to 
test the continuity of use of each species.
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I was able to get some idea of decay rates on the lunettes because, 
during their field trip to Lake Tandou in 1979, Hope, Dare-Edwards 
and McIntyre had marked the middens they recorded with wooden 
stakes painted white from the top of the stake to the then sand surface. 
By the time I re-surveyed the Tandou lunette in 1981, erosion had 
revealed the unpainted wood below all of these stakes. Plate 1.1 is a 
photograph of a typical lunette shell midden recorded by me for the 
first time in 1981. Plate 1.2 shows a similar midden originally recorded 
by Hope, Dare-Edwards and McIntyre in 1979. Comparison of these two 
photographs illustrates midden decay process over the two year period. 
The shellfish in Plate 1.2 is fragmented and the material more 
dispersed than the recently uncovered midden. The amount of 
deflation over this time can be measured from the unpainted wood 
exposed on the stake (the scale is in 25cm divisions) in Plate 1.2. The 
changing surface archaeology on the dunes is also indicated by the 
dissappearance of one midden recorded in 1979 (TNL 31) and and the 
first appearance of several middens in 1981 (TNL 36-40). That different 
faunal remains decay at an uneven rate is illustrated by the fact that in 
large deep blowouts where organic remains were scattered over the 
surface with no coherent site boundary, shellfish were represented 
only by tiny fragments, fragments of carapaces of freshwater Crustacea 
(Cherax destructor or "yabbie") were rare but fish otoliths and yabbie 
gastroliths were fairly common.
Thus middens containing intact shell fish (Plate 1.1) can be 
reasonably assumed to be recently exposed and therefore their internal 
integrity good. Middens with fragmented shellfish are more likely to 
have been exposed for a longer period and their contents are more 
likely to be scattered over a larger area than when originally deposited. 
They are therefore more likely to have been contaminated by materials 
(archaeologically or otherwise) than middens containing intact 
shellfish.
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Plate 1.1 A typical recently exposed shell midden on lunette sediments.
Plate 1.2 A photograph taken in 1981 of a lunette shell midden recorded in 1979. 
Deflation over this time period is indicated by the length of the 
unpainted part of the wooden stake.
A second important implication of these observations is that the 
preservation of the archaeological sites at the time of their original 
deposition must have depended on rapid deposition of sediments on 
top of them. Thus there was little time for contamination of other 
materials at the time of deposition. In situ middens are therefore 
likely to reflect past meals by people, with the addition perhaps, of 
some scavenger remains. The remains of other animals living on the 
lunette at the time are more likely to have become mixed with 
archaeological material at sites where shellfish is fragmented or 
missing. Middens were also found in section within residuals of 
aeolian sediment. Although this implies that some of the site is 
missing, the material present could be considered relatively 
uncontaminated.
The archaeological information that these sites can each provide 
therefore varies depending on the preservational state of the sites. 
While the size of the sites suggests that each site probably only 
represents a short term event, the collection of data from many sites 
should indicate which elements of the river system were used. The 
excavation of intact sites could possibly provide information on the 
amount of food gathered and the foraging strategies used. Sampling 
strategies therefore need to vary depending on the preservational 
condition of the site.
A consequence of both these methodological problems is that it is 
difficult to include archaeological remains which are not organic into 
the stratigraphic and chronological sequence unless they can be seen to 
be actively eroding from sediments or they can be roughly assigned an 
age interval by virtue of their diagnostic type. For example, if artefacts 
belonging to the "small tool tradition" are found they can be associated 
with other Holocene material. During this study the presence and 
position of stone artefacts was recorded. However, the lack of raw 
materials in the lower Darling River region means that stone artefacts 
are much rarer than on the Willandra, and geometric microliths were 
only found in two locations (in the same blowouts as TMC 8 and TMC 
9). None of the stone artefacts could confidently be directly associated
with middens. For this reason it was decided to concentrate on the 
organic remains and there has been little analysis of the stone artefacts 
in this study (artefacts listed on record forms in Appendix 2 are those 
found amongst the faunal remains but not in situ and therefore not 
clearly associated with the fauna).
It could be argued, perhaps that by not analysing the stone artefacts 
in detail, I have eliminated one source of archaeological evidence. 
However in all archaeological studies the full potential of some kinds 
of evidence is ignored. The way in which evidence is used depends 
upon the questions addressed by the researcher. This thesis is 
primarily concerned with food resources. Stone artefacts can provide 
information about the prehistory of western NSW, particularly in the 
lower Darling region where stone sources are rare and the sourcing of 
stone materials may provide evidence for past movements of people.
The other major problem associated with fieldwork necessarily 
covering large areas of grazing property in Australia is the question of 
access. A total of 10 months was spent in the field for this project. This 
might seem a long time for a project which should only take three 
years. For each new property on which survey was undertaken 
extensive negotiations with the property owners was necessary. Their 
reluctance to allow access was associated with a perceived possibility 
that Aborigines might want to take control of their land should 
archaeological remains have been found. All except one of the land 
owners approached eventually allowed me access to their land.
Other problems associated with doing field work in this area is that, 
because most of the area is flood plain, moving around the area is very 
difficult following only one or two days of rain. A winch is a must for 
all archaeologists working in the area.
Despite these problems, the unique feature of open sites containing 
faunal remains in western New South Wales is that they provide good 
evidence of contemporaneous activity. This is a result of their 
requiring rapid deposition to be preserved (so that we know that the
sites have not been exposed for long periods following initial 
deposition by the foragers) and that they decay quickly once exposed in 
the present (so little contamination can occur before they are found 
today).
Previous work in the region
My interest and the limitations on the data notwithstanding, the 
specific objectives of my research and the methods I used were also 
influenced by the previous and current research in the area.
The archaeological potential of aeolian features associated with the 
rivers and lakes of the Murray-Darling Basin (shown in Figure 1.1) was 
first recognised by Norman Tindale and Joseph Birdsell in 1939. 
Stopping during a chance delay in a trip from Broken Hill to Menindee 
at a blowout in the Menindee Lake lunette, they discovered human 
burials, hearths and artefacts in apparent stratigraphic association with 
well-preserved remains of mammals, some of which they recognised 
as extinct species, others, although extant, no longer live in the region.
Further work on the site was delayed until 1953 when Tindale 
returned to the area with the visiting United States palaeontologists 
R.A. Stirton and R.H. Tedford. Tedford was particularly impressed 
with the finds as they seemed to offer the best evidence then available 
for the association of archaeological material with extinct mammal 
species. Vertebrate palaeontologists continued to work in the region 
during the 1950s and 1960s. A principal theme of their research was the 
impact of human communities on pre-existing megafauna.
Archaeologists' attention was again drawn to the Murray-Darling 
basin in February 1969 following the discovery of the cremated 
remains of a woman in Pleistocene sediments within the Lake Mungo 
lunette by the geomorphologist J. Bowler. The crucial significance of 
this find was recognised and published by Bowler, Jones, Allen and 
Thorne (1970) and Bowler, Thorne and Polach (1972). This and
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associated discoveries revitalised archaeological interest in the area, 
but this was mainly directed towards studies of spectacular isolated 
remains within the lunettes.
However, also in early 1969, H. Allen, a research student in the 
Department of Prehistory, Research School of Pacific Studies, ANU, 
who had previously written an honours thesis on Aboriginal 
subsistence in the region at European contact (Allen 1968), began a 
study which attempted to record changing patterns in the prehistoric 
economy of the Aboriginal occupants of the region through time. 
Archaeological sites in different stratigraphic and geographic locations 
were recorded and the data collected compared with dietary 
information recorded by explorers and early European settlers of the 
region.
In the course of his work Allen encountered a number of important 
problems. Firstly, although Bowler's study of the stratigraphy of the 
lunettes along the eastern margin of the Willandra lakes was 
available, all the sites were open surface scatters and archaeological 
techniques for analysing open sites had not been fully developed. 
Secondly, Allen carried out a regional study, of the whole Murray- 
Darling basin whereas Bowler's work was restricted to the Willandra 
Lakes system, and little was therefore known about the past hydrology 
of the Darling River and its associated lakes.
Historic sources examined by Allen suggested that although the 
river remained the single most important resource in the Darling 
River valley, Aboriginal people utilised resources away from the river 
when surface water was abundant. Comparisons between historic and 
archaeological records in the region were difficult, because organic 
remains are only preserved in features associated with watercourses 
and lakes. As a result, Allen found no opportunity for examining 
material representing prehistoric diet in areas away from the river. He 
attempted to resolve this by excavating Burke's Cave, a rock shelter in 
Scropes Range, some 40km north west of the main Darling River 
channel. While this provided some organic material, it was all
Holocene and the small amount of material recovered was inadequate 
to reach any general conclusions about the diet and movement of 
prehistoric Aboriginal people in the area.
However, from the archaeological material alone, Allen concluded 
that the use of the river and lake resources at European contact had 
not changed greatly during the past 30,000 years. By implication, 
fluctuations in the available resources were principally controlled by 
hydrological conditions. He suggested that the only significant local 
dietary change was the introduction, 15,000 years ago, of foods made 
from ground seeds. This, he inferred, was a consequence of 
deteriorating environmental conditions caused by the drying of the 
Willandra Lakes system.
Since Allen's pioneering studies during 1968-1972, archaeological 
research has been conducted in the Willandra area by McBryde, 
McIntyre, Mulvaney, Shawcross and other workers (Shawcross and 
Kaye 1980, pll9-126). Surveys have also been conducted by Peter Clark, 
an archaeologist who until recently worked for the National Parks and 
Wildlife Service, N.S.W. based at Lake Mungo Station.
In 1979, Jeannette Hope successfully applied for funds for an 
interdisciplinary regional study of the lower Darling River system. 
Initial work on this program was directed towards increased 
understanding of the archaeology of the area at a regional level, 
through a study of the lunettes associated with Darling River lakes, so 
that more confident comparisons could be made between material 
preserved in these and those of the Willandra lakes.
The Darling Project began with Hope concentrating on relationships 
between archaeological material and megafauna and M. McIntyre on 
other aspects of the archaeology. In 1980, Dare-Edwards joined the 
project to study the geomorphology of lunette sediments, beginning 
with the Lake Tandou lunette. Later in 1980 McIntyre took up a post in 
Victoria and I joined the project in 1981. As described above, the larger 
problem addressed by the Darling Project was very broad, my interest
was in the food remains but it was up to me to determine the specific 
questions that could be answered by the available.data.
Specific aims of the project
While not suggesting that the methodological difficulties are 
completely resolved in foregoing strategies, it is possible on the basis of 
the above to propose specific research questions. The research 
objectives give form to the empirical investigations in this project and 
direct specific analyses of data to the wider objective of the project, 
namely to throw light on the economic life of the early colonisers of 
semi-arid Australia.
The specific aims are:
1. To investigate the underlying factors in the distribution of middens 
in Murray-Darling basin.
2. To explain the variation in content (number of species represented) 
between the sites. This is basically a methodological problem as it 
involves the investigation of whether the variation is entirely 
explicable by preservational differences, by the hydrological 
environment at the time of original collection or by foraging 
choices of the people who collected the food.
3. To investigate the importance of aquatic resources in the prehistoric 
diet from the archaeological evidence.
4. To examine how the use of river and lake resources has changed 
over time and to determine the kinds of Pleistocene adaptations 
evidenced in the archaeological material.
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Data gathering - scope and technique
Site survey.
There had been some previous research in the study area shown in 
Figure 1.2 but these were directed by palaeontological questions or 
were for park management purposes. The results of these surveys did, 
however, support my casual observations about the distribution of 
archaeological sites in the area. Chapter 3 is a summary of this 
previous work.
As there had been little survey of areas away from the Menindee 
and Tandou Lakes area, the first step in this project was to survey. The 
primary objective of the archaeological survey was to document 
variations in form and content of archaeological sites containing 
preserved organic material, from different stratigraphic horizons and 
representing identifiably contrasting hydrological conditions. All the 
archaeological sites in this area are surface scatters, exposed in dunes by 
recent erosion, especially wind ablation. Sites chosen for detailed 
recording of site structure had to therefore be selected with care, 
bearing these considerations in mind.
As a preliminary to analysis of the data collected, it was necessary to 
establish the nature of inherent bias resulting from differential 
preservation of materials and from variations in faunal associations 
related to differing hydrological conditions at sites of accumulation. 
The relative rarity of sites containing organic remains on the western 
margins of the lakes, for example, is attributable to the lack of suitable 
preservational environments. On the other hand, the explanation of 
the absence of Pleistocene sites in association with the Darling River, 
in contrast to their concentration along Talyawalka Creek, is that the 
latter formed part of the ancestral channel of the Darling River, the 
present channel of which formed during the Holocene.
For the reasons already outlined, surveys for this project were 
restricted to the margins of rivers and lakes. As one of the aims of the
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research was to explain variation between sites, a major consideration 
of the survey was to investigate areas representing different 
hydrological regimes. The surveys were therefore devised to sample 
both the ancestral and modern Darling River channels as well as lakes 
associated with each of these.
Organisation of surveys
During 1980 I visited the area twice, once with Hope and Dare- 
Edwards and a second time alone, to gain a general impression of the 
whole Murray-Darling basin. Systematic archaeological study began in 
April 1981 with a reconnaissance of Talyawalka Creek. The initial 
purpose was twofold; to assess the possibilities and problems of the 
area and to record archaeological sites associated with the ancestral 
river channel. The survey, conducted by K. Gollan and myself from 
April to mid June, aimed to cover the Talyawalka Creek margins 
between Menindee and Wilcannia as completely as possible.
All grazing properties bordering Talyawalka Creek are leasehold 
and are controlled by the Western Lands Commission of New South 
Wales. Nevertheless almost all leaseholders contacted were wary of 
the consequences of allowing work relating to Australian Aborigines 
to be carried out on their property. Their fears were not always 
explicitly expressed, but they appeared uncertain of the relevant laws 
and concerned that their property would attract the interest of local 
Aborigines leading subsequently to a land claim.
However, except on one property, we were permitted access to all 
the banks of Talyawalka Creek. We also investigated sections of the 
northern end of Teryawynia Creek (a distributary of Talyawalka 
Creek), as well as Swan Lake, Teryawynia Lake, Brick Kiln Lake and 
Dry Lake (the northern overflow lakes of Teryawynia Creek) - see 
Appendix.2 for locations of these lakes.
In July 1981,1 returned to the area to complete my fieldwork. 
During this field trip, sections of the present Darling River channel
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between Wilcannia and Menindee were surveyed. The selected 
sections are shown in Appendix 2. They were chosen after appraising 
the results of the Talyawalka Creek survey, in which few sites were 
found on grey floodplain sediments. Stretches of the river where the 
banks consisted of red soil could be recognised on black and white 
aerial photographs by the presence of dune shapes, which are not 
present on floodplains. They also exhibited more tonal gradation on 
the photos than the floodplain areas because, in places, carbonate 
horizons associated with dunes are exposed by wind erosion. Two 
such areas were identified along the margins of the Darling River. One 
was on the eastern side of the river at its junction with Talyawalka 
Creek near Menindee and the other on the western bank, east of Malta 
Lake. Both were investigated and the area surveyed is shown on the 
maps in Appendix 2. Additional tracts along river that were included 
in the study consisted of floodplain deposits and locations of these are 
also shown in Appendix 2.
To collect data from lakes associated with the ancestral channel the 
entire margins of Lake Tandou and Kangaroo Lake were surveyed.
The Lake Tandou lunette was re-surveyed, in order to make 
additional observations on sites recorded by J. Hope and M. McIntyre 
in 1979 and also to investigate the impact of two year's exposure to 
erosion on the sites .
Particular attention was paid to the Teryawynia overflow lakes 
because their relationship to the Darling River system was not clear 
and because this was the only area from which early Holocene sites 
were known. The investigation therefore embraced the complete 
margins of this lake system.
Data from lakes associated with the modern Darling channel were 
obtained from surveys of the perimeters of Lakes Menindee, 
Cawndilla, Pamamaroo Lake, and other smaller lakes between 
Menindee and Wilcannia.
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The channel and lakes of The Great Anabranch (Fig. 1.1) were not 
included in the main study area but the region was visited briefly 
(with Hope and A. Blackwell) for purposes of comparison, in 
November, at the end of the 1981 field season. A reconnaissance by 
Hope and McIntyre in 1979 had indicated that the lunettes of The 
Great Anabranch lakes were not rich in aquatic faunas and this 
' impression was reinforced by our subsequent observations.
A total of 9-10 months was spent in the field surveying and 
collecting archaeological material.
S i te  r eco rd in g
Sites were reached by 4-wheel drive vehicle and surveyed on foot. 
Because it was anticipated that a large number of sites would, be found, 
and to accommodate other future surveys within the Darling Project, 
we devised a standard system for naming sites. This was published by 
Hope (1984) and grouped sites geographically to make later analyses 
less cumbersome. The whole region was divided into small areas, 
called Site Designation Areas (SDA), based on an idea of Peter Clark's 
for the Mungo National Park. These smaller units were not equal in 
area, because their boundaries had to be unequivocally recognisable in 
the field. However for ease of publication, the maximum size of the 
SDAs was restricted to an area reproducible on a standard A4 page at a 
1:100,000 scale. For comparative purposes each SDA comprises, as far as 
possible, a single specific landform, such as a lake, lunette or water 
channel. The Site Designation Areas defined are shown on page 18 of 
Appendix 2. Their boundaries are based on the Central Mapping 
Authority of New South Wales 1:100,000 orthophoto maps (First 
Series) and include property boundaries and roads as well as natural 
features such as rivers and lakes. Fences within properties have not 
been used to define SDAs, because these features are often modified by 
leaseholders.
Each SDA was given a name, usually of a prominent feature 
within its designated area ( e.g. Tandou Lunette ). Every recorded site
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has been independently designated, using a prefix of three letters, 
derived from an abbreviation of the name of the SDA (e.g. Tandou 
Lunette = TNL), followed by an Arabic number which represents 
consecutive enumeration of each site within its boundaries.
In addition to characterising sites in this manner, a locality name 
has sometimes been used to indicate a particular area in which a 
number of sites were found. For example, during their 1979 
expedition, Hope and McIntyre named each blowout within the 
Tandou lunette independently, although some contained many sites 
and others none. These individual locality names are helpful 
reminders when visualising sites that are geographically closely 
related.
Defining boundaries of the sites recorded during field surveys was 
often difficult because of variable preservation of the archaeological 
remains within them. Boundaries of a discrete shell mound are easily 
recognised, but shell fragments, now distributed evenly around the 
western shores of a lake, may represent scatters from a number of shell 
mounds which originally had clearly defined individual borders. As 
episodes of site deposition are not easily differentiated in the field, a 
single number was allocated to composite sites of this type.
For each numbered site, the grid reference on Central Mapping 
Authority, N.S.W. 1:100,000 orthophoto maps was recorded and its 
position marked on N.S.W. Lands Department 1:60,000 air photos. 
Monochrome and colour photographs were taken of all the sites and 
negatives of these are retained in the Department of Prehistory , 
R.S.Pac.S., at the Australian National University.
The site recording form was designed in conjunction with Jeannette 
Hope so that information required by each of us could be recorded - 
essentially it is a modified version of the form used by the National 
Parks and Wildlife Service, NSW. A sample of one of these is shown 
in Figure 1.3. These forms have been lodged with the National Parks 
and Wildlife Service, N.S.W.
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Figure 1.3 Exam ple of a site record form  used for this project.
r
1. Map 2 50,000 . . H  A  fp Pi/n A  _ ^/A
2. Grid reference .........................
3. Map i oo,ooo . 7 7 4 . ? ■ ? P.?*..
A. Grid reference ....^  Vf, ......
5. Site
6. Site type
........
7. Classification
8. Site designation area . . . ptt. . . ^ 7Vf] ? ........................
9 . I,oc.a 1 1 ty .......................................................................
10. Si te name(s) . . .v’Wl M. ......................................................
11. Air photo ref. . <V.5 ,9V. . . . J? .<*->'>7. . . /V. 3. . . ."
12. Cadastral ......................................................................
13. Land status . . P^ .~...................................................
O w n e r  ..
A d d r e s s ty.iiA  t> L'r-
^ / 7  .£? / - O  A J ^ A j A-PJI
A t t i t u d e o k .
16. Recorded by . /S.Pri't.'kk. .-fc . . 17. Filed by
Address *fT^/. . . L .
Date
/I A_//C/ /^(S\Z y. A
/ ) U  ■ £ /
Date
18. Reasons for investigation . fA/T# . 5v/^ '.^ f/.
19. Visitation ........................................
20. Oral sources of information ........................
21. Written references ................................
22. Importance of site to Aborigines . . ^  . . .
23. Source of this information
(1)
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24. Directions for site relocation
A ^ 8S few-Vy* <S\>\ .
y y ^ , ic— 'Wt -W4^
d^nVi -
(^ Ü^^opo^ö-V^ W>-c(
rx5ad. '*A'fs\v\ ^
^  ^  l ^  ^  -K tO^K
\\vQ. V^v^_ L- ^
-€ U^u. wAaaV  K)[j ‘O VTS'U«
■Y 4° .
25. Condition of site and factors effecting disturbance
s\zxl(L.; unH^ , ,’ ' ^ K ^ Vo^ ~|
W\\ ,^\>W.\iS-<M ud(V. t^W .
(2)
Map name Site name £iOt£L .
26. Site description: environment, stratigraphy, probable age etc. Sketches if
possible with rough scale. Indicate north. V- . . . / rn
a  CA-’^ s d U  ^  O A j/' g StJbiL
O s S & j U ^ : uJL o t u L > U L  C C . A y Z - ' i K * < ^o aI a u U^ y  S h l M -
j ~ V | bJLcjuX iix> j)
^\*\l ftAi ^"O^—
'jy'X'i fc/_0 br<Tr‘•Sr - iA. t'jJ"
ir-- - £*JJ> £''•'*-///
c ?-rk>v>rJ3U
Suj 2. &szn*JjrvU: 
t>strnj A.
\ /CC:
sibtajl- <f/' 6/u M ^ d a UH. A/v
ac-ZJ^ /u^ o ioU ^ .  t o
/O —  2_0 SkjUJUn .
brTTuT<\_ J JlaJ>L . r ’
77 g —A_7_p i^.ASfTt—CjL- (fy’ ~fl.Q
CO uMJstl *^nj~u S'JitL. f /
„•) y ^ j K ^ r ^ O J U
wU^^rrJjLS-K^fJbe*-*
(3)
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27. Site components
STONE types
ARTEFACT types ^ 2 ^ ^  , <jy\y*d, 3W &  J
Quantity Condition
BONE species - 3_c)i n ^ ka^ 01-^.
Quantity t^<nUr*vVf i Condition
SHELL species /VU^ 6r-r-\£k.
Quantity Condition 'b<7**A- »3*^4.
HEARTHS type and no. ''P:> H -
Quantity (of pieces) Condition
OTHER < % • J  <5^
Quantity ^ Condition
Quantity : Trace 1 or 2 pieces 
Little 3-9.
Moderate 20-15Q 
Much 150-1000
Very much - greater than 1000
(A)
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Brief geomorphological, stratigraphic and vegetational descriptions 
of each site, as well as records of their faunal and artefact content and 
the collections made from each, are included in Appendix 2. Field 
notes including records of excavations, daily observations and sketches 
of sites and site locations were also kept. Copies of these with test strip 
copies of black and white photographs have been lodged with the 
Department of Prehistory, R.S.Pac.S. at The Australian National 
University.
Collection techniques
Methods of collecting depended on a variety of factors, most 
importantly on the condition of the site. As all the sites were already 
exposed and subject to erosion, collection amounted essentially to 
salvage of a disintegrating resource. A sample of faunal remains was 
collected from each recorded site. The scale and detail of these 
collections varied.
Small opportunistic handfuls of faunal remains for identification 
purposes were gathered from ill-defined sites, represented by a 
remnant fragmented scatter. The aim of this technique was to collect 
as many different varieties of species represented. It was recognised 
that such a collection would not reflect the original proportions of 
species deposited and that the most fragile species may not be 
represented at all. However, the technique does allow for larger areas 
to be inspected than sampling methods within grids, and thus a 
greater chance of obtaining the variety of species represented on the 
site. The data it provides is basic species presence list for particular 
hydrologic circumstances (eg lake versus rivers). Remains collected 
from such positions can be assumed neither to be collected by people 
(as other predators may scavenge dead carcasses from lake shores or 
receding river banks) nor to be contemporaneous.
A measured grid was used to make detailed collections from those 
sites with clearly defined boundaries and each square was collected 
separately with brushes and trowels. The fact that material was less
dispersed on these sites indicates that they had been exposed for a 
shorter period of time than sites with dispersed scatters and that there 
was less likelihood of decay and contamination. It seemed more likely, 
therefore, that original proportions of species might still be 
represented in the site and therefore useful to collect from measured 
grids to record spatial relationships within the sites.
Sites which appeared to have an unequivocally determinable 
stratigraphic position were excavated. Contamination of these sites 
was likely to be minimal. Excavation techniques also varied between 
sites. Usually the excavation units were lm^ and each of these were 
excavated separately. Some of the sites in section appeared as linear 
exposures (often 2-3 cm thick) of bone or shell bearing sediments. 
These were usually excavated to the surface of the bone bearing 
sediments and then all bone bearing sediments excavated together. 
Individual excavation techniques are described in Chapter 6 where 
general aspects of collecting techniques applied to individual sites will 
be discussed.
All collections, whether by brushes and trowels or by excavation, 
were sieved using standard circular nesting sieves of 6mm, 4mm and 
2mm meshes. The sieved material from each square metre was then 
bagged and labelled separately. All sites were photographed before and 
after collection and the position of any excavations was marked by 
labelled white stakes in the field, on air photographs and on fieldnote 
sketches of the blowout within which the excavation was performed.
Notes on the approach adopted to every collecting site were 
recorded in the field and are summarised in Appendix 2.
Faunal Identification
Identification of the fauna was achieved through comparisons with 
known modern species held in the collections of the Department of. 
Prehistory, R.S.Pac.S. and with modern and fossil collections held at 
the Australian Museum in Sydney. Osteological collections of
freshwater fish from western New South Wales in both of these 
collections were not large and further help in fish bone identification 
was received from collections held by John Merrick of the Department 
of Biological Sciences at Macquarie University. Merrick's study on 
otoliths (Merrick 1980) from these species helped with establishing 
criteria for separating fish species. Ken Aplin and Tim Flannery both 
then of the Dept. Zoology, University of NSW respectively helped 
with the identification of rare peramelids and some fragments of large 
extinct macropods.
Identifications of all material recovered were recorded in a catalogue 
which is lodged with the Dept. Prehistory, R.S.Pac.S. To indicate the 
kinds of information recorded in this catalogue a sample page is 
provided here as Figure 1.4.
Calculations for minimum numbers of individuals, unless 
otherwise stated follows the methodology of Baynes, Merrilees and 
Porter (1976).
Site chronology
Site chronology is discussed in detail in Chapter 5. Most of the 
dating of the sedimentary sequences in this area is from shell collected 
from middens. The dates along with interpretations of the 
sedimentary sequences have been used to describe past water 
conditions as well as the timing of occupation. There may well be 
time-lags between changes in the river and lake systems and in their 
associated dunes. There is also the question of time-lag between an 
environmental event (such as the filling of a lake), and the 
archaeological reflection of the human response to that event (such as 
exploitation of the lake's resources). Although these questions are 
unresolved, the preservation of organic material is dependent upon 
rapid subsequent sedimentation, the dating of initial deposition of a 
sedimentary unit from the cultural remains must be reasonably 
accurate.
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Figure 1.4 Sam ple of fauna catalogue page.
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Chapter 2
GEOGRAPHIC BACKGROUND
A knowledge of the distribution of both water resources and major 
geomorphological features is crucial to an understanding of the 
distribution of archaeological sites in the region and of the importance 
of the river to the past and present inhabitants of the region.
The Murray-Darling Region
The Murray-Darling river system dates from the late Tertiary and is 
the largest fluviatile drainage basin in Australia. It covers about 
1,000,000 km^ of south-eastern Australia and consists of a vast complex 
of varied hydrological regimes. Within the Murray-Darling basin in 
western New South Wales the lower Darling area is a network of 
anabranching channels, streams and overflow lakes. The climate is 
semi-arid and there are no permanent water sources away from the 
main river channel, which itself ceases to flow in times of severe 
drought.
Water Resources of the Darling River System
The Darling River is the longest tributary of the Murray, with an 
extensive catchment covering an area of about 650,000 km^. The 
eastern tributaries originate in the northern tablelands of New South 
Wales and in the Darling Downs region in southeastern Queensland 
while the northern tributaries rise on or near the Great Dividing 
Range in south central Queensland (Woodyer 1978).
Currently, the Darling River receives water contributions from two 
principal sources. Summer rainfall, associated with tropical cyclones in 
the north of the catchment, and winter rainfall derived from upper
atmospheric convergences over its catchment area. During floods, 
distributaries, anabranches and palaeochannels divert flow from the 
main Darling River channel and movement of floodpeaks 
downstream is slowed by diversion of water into this system of 
subsidiary channels.
The section of the system investigated during this project (shown in 
Figure 1.2), includes the main Darling River channel and its 
anabranches between Wilcannia and its junction with The Anabranch 
south of Menindee. Within this region, no active channels enter the 
Darling from the east or west, although to the north a few intermittent 
creeks from the Barrier Ranges almost reach the Menindee Lakes, and 
one from Scropes Range joins the Darling northeast of Menindee.
These lower reaches of the Darling and its complex series of 
anabranches are associated with several groups of lakes. The lakes fill 
during floods but, according to local inhabitants, they do not naturally 
hold water for more than about 5 years.
Flow rates in the Darling River are unpredictable in any precise 
sense. However initial conclusions from a study by B. Jacobs (a 
postgraduate student at A.N.U.), based on analysis of past Water 
Resource Commission records and historic accounts, show that the 
Darling River between Wilcannia and Wentworth is characterised by 
irregularly spaced, fluctuating, water levels. Analysis of data collected 
at Menindee since 1861 by the Water Resources Commission, shows 
that there is no apparent seasonal periodicity of discharge of the 
Darling River at Menindee (B. Jacobs, pers. comm.).
Although it is misleading to express the Darling River water regime 
in terms of the average number of flood events within a given time 
period, available historical records give an impression of the character 
of the area. Daily water gauge levels were measured at Menindee from 
1881 to 1961, when the levels became artificially regulated by the 
Menindee storage scheme. During this 80 year interval, the river has 
only ceased to flow 48 times, although these periods have lasted for up
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to 362 days (Woodyer 1978). The river level has been too low for water 
to enter the lakes for 75% of the time, but water remains in the lakes 
for a short time after the river level falls below that required to fill 
them (B. Jacobs, pers.comm.).
Other Water Resources of the Area
Today the region is semi-arid and, apart from the Darling River, 
there are no sources of permanent surface water, although after rains, 
water collects in claypans and swamps. Claypans occur throughout the 
region and are low depressions free of vegetation, which retain 
meteoric water for short periods. They are most common on the 
sandplain areas and along old channels but also occur in swales 
between dunes.
Local swamps are also impermanent freshwater bodies, maintained 
by local runoff and tending to occur at low points in the 
palaeochannels. Some of these palaeochannels, patterns of which can 
be seen on Landsat imagery, are intermittent streams and carry water 
after heavy rain in the Barrier and Scropes Ranges. Most of these 
channels now end in alluvium and only two, Yancowinna Creek and 
Bonley Creek, reach the main river system, at Lake Cawndilla and at 
the Darling River, north of Menindee. During wetter phases in the 
past, these ephemeral water sources may have been more more 
persistent and dependable than they are today.
As shown in Table 2.1, rainfall varies greatly from year to year. 
Droughts, varying from a few months to a number of years are 
common in this region as are prolonged periods of rainfall. Summer 
temperatures are high and reach 52°C. At Menindee the hottest month 
is January when the mean maximum temperature is 34.6° C and the 
mean minimum temperature is 19.5°C. Winter temperatures in the 
region are mild. The coolest month at Menindee is July when the 
mean maximum is 17°C and the mean minimum is 5°C.
M e a n  a n n u a l  r a in fa ll
L o w e s t  r e c o r d e d  
a n n u a l  r a in fa ll
H ig h e s t  r e c o r d e d  
a n n u a l  r a in fa ll
M e a n  n u m b e r  o f  r a in y  
d a y s  p e r  a n n u m
M E N IN D E E 2 3 6  m m 5 2  m m 7 6 6  m m 4 3
T A B L E  3 : 1 .  M e a n  a n n u a l  r a in fa ll,  l o w e s t  a n d  h i g h e s t  r e c o r d e d  a n n u a l  r a in fa ll, a n d  m e a n  n u m b e r  o f  r a in y  d a y s  p e r  a n n u m
a t  M e n in d e e  1 8 7 6 - 1 9 7 8 .  F i g u r e s  fro m  C o m m o n w e a l t h  B u r e a u  o f  M e t e o r o lo g y .
Landforms and Vegetation
Landforms in the region have been described and illustrated by 
Bowler and Magee (1978). In the following discussion, descriptions of 
the vegetation are based on my own field observations and on recent 
surveys by Cunningham, Mulham, Milthorpe & Leigh (1981) whose 
account contains summaries of previous work by Beadle (1948). The 
concept of 'vegetation communities' used here is also taken from the 
same source.
Landforms associated with the lakes and waterchannels
The anabranching channel system of the lower Darling River and its 
associated lake basins, most of which are concentrated along the 
anabranch channels (Talyawalka, Tandou and Redbank Creeks), and 
the extensive floodplain deposits that border the river channels, 
dominate the geomorphology of the region.
The ribbon stands of river red gum (Eucalyptus camaldulensis) that 
occur along the Darling and Anabranch and their associated billabongs 
rapidly give way to black box (Eucalyptus largiflorans) communities on 
the floodplain. Black box communities also fringe ephemeral lakes and 
in this region are particularly characteristic of the Teryawynia Creek 
overflow lakes. Ground cover associated with river red gum and black 
box communities include grasses, sedges, forbs and low shrubs such as 
Chenopodium sp.
On the surrounding alluvial plains are bladder saltbush (Atriplex 
vesicaria) communities. These plains are mainly treeless and
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interbush areas are occupied by grasses and forbs. Swamplands 
associated with rivers and floodplains are usually vegetated by lignum 
(Muehlenbeckia cunninghamii), nitre goosefoot Chenopodium 
nitrariaceum) or canegrass (Eragrostis australasica) and umbrella 
canegrass (Leptochloa digitata) communities.
Two dune forms are directly associated with the lakes and river 
channels 1. lunettes and 2. source bordering dunes.
1. Lunettes
The leeward eastern margins of lake basins in western New South 
Wales are characterised by lunettes, which are stable crescentic dunes 
with their major axes transverse to the direction of the predominant 
prevailing wind. The sedimentary sequence within them consists of 
alternating quartz sand and, usually thinner, gypseous clay units, 
which reflect oscillations of past water levels within the lakes.
Lunettes associated with the Willandra lakes have formed the basis 
of the classic studies by Bowler (1971,1973,1976a & 1980). Bowler (1976a) 
suggested that the well-sorted quartz sand units were formed during 
periods of prolonged high water conditions, when clean quartz sand 
grains, concentrated on beaches, were blown by the prevailing westerly 
winds onto the downwind dune. During more saline conditions, in 
periods of prolonged evaporation, gypseous clay pellets were 
transported by saltation from exposed lake floors. Palaeosols within the 
dune sequences indicate periods of relative stability when lake floors 
were dry and vegetated.
The height of the lunettes is usually related to the size of the basin 
from which their materials derived, but at some lakes, such as the 
Anabranch lakes, the stratigraphic units are not necessarily 
superimposed, but grade into one another laterally. Such lunettes have 
formed centripetally, so that the outermost units are the oldest.
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Vegetation on the lunettes is now sparse resulting from their 
erosion. Where patchy vegetation does occur, it is predominantly 
sandhill canegrass (Zygochloa paradoxa) and sandhill wattle (Acacia 
ligulata). On the less eroded lunettes at the Teryawynia Creek lakes the 
surface is typically covered by grasses.
2. Source-bordering dunes
Source-bordering dunes are analogous to lunettes, but associated 
with river channels. They occur on the eastern side of meanders and 
are derived from sandy beaches or exposed sandy channel sediments. 
In this region they characterise the anabranch channels and are rare 
along the Darling River itself. They range up to 1km long and up to 
10m high. Like lunettes, source bordering dunes are poorly vegetated. 
Sandhill canegrass (Zygochloa paradoxa) is predominant.
N o n - f l u v i a t i l e  land forms
Away from the river channels and their associated lakes and 
floodplains, the landforms are largely aeolian and consist of both 
linear and sub-parabolic dunefields and low undulating sandplains.
The most recent descriptions of the exposed non-fluviatile 
landforms is that of Bowler and Magee (1978). In the study region 
defined in Chapter 1, the two most characteristic landforms in this 
category are a series of elongate sand ridges or linear dunes and an 
undulating sandplain.
1. Linear dunes
On Landsat imagery the linear dunes appear as straight ridges with 
an east-west orientation reflecting the resultant direction of the 
prevailing winds. They are described by Bowler and Magee (1978) as 
having low, rounded crests rising 2-6 m above the swale, with 
occasional higher points of up to 10m. They contain a series of 
palaeosols with the last major phase of dune growth occurring about
15,000 years ago (Bowler and Polach 1971). The origin of these 
longitudinal dunes is uncertain but they predate the first period of dry 
lake floors and soil formation, which was before 45,000 years BP in the 
Willandra lakes region (Bowler et al 1976 p. 380).
In the lower Darling region the linear dunes are striking orange-red 
features. When devegetated, blowouts in the surface sands occur in 
places and expose calcareous soil horizons within the dune. Nelia 
(Acacia loderi), is the most characteristic vegetation on these dunes 
and is often associated with belah (Casuarina cristata), rosewood 
(H eterodendrum  oleifolium) and white cypress pine (C allitr is  
columellaris) communities.
2. Sandplain
Low undulating sandplain surrounds the Teryawynia Creek 
overflow lakes and eastern margin of the Darling River floodplain. 
Sandplain is described by Bowler and Magee (1978) as low undulating 
country with irregular sand accumulation, or hummocks occurring as 
a complex of mounds formed from a variety of materials, ranging 
from sands to sandy clays. They vary in diameter from less than 100m 
to 3km and range in height from a few metres to over 30m. In this 
region the sandplain is red but in areas where the carbonate soil 
horizon is exposed it is a buff colour.
Vegetation on the sandplain is generally sparse. Shrublands are 
typical with varying associations of bluebush ranging from almost 
monospecific stands of either black bluebush (Maireana pyramidata) 
or pearl bluebush (M. sedifolia) to mixed stands of both species. Grasses 
and forbs occur between bushes. Nelia communities with associated 
shrubs of pearl bluebush, desert brombush (Templetonia equena), 
turpentine (Erem ophila  s tu r t i i )  and punty bush (Cassia nemophila) 
also occur on the sandplain.
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3. Subparabolic dunes
Irregular subparabolic dunes occur in an area west of the Teryawynia 
Creek lakes. These are siliceous sand dunes with elongate east-west 
orientation lobes. Bowler and Magee (1978) suggest that they form only 
when there is a plentiful sand supply and therefore tend to occur on 
the eastern side of alluvial or lacustrine depositional areas. Bowler and 
Magee estimate the last mobilisation of these dune fields to be 
synchronous with the last active development of Big Desert dunes at 
the time of the last glacial maximum,16,000-18,000 years ago. 
Vegetation on subparabolic dunefields is dominated by Mallee 
(Eucalyp tus  spp.).
4. Bedrock hills
The Barrier Ranges, which lie on the western margin of the Darling 
River floodplain about 100 km from Menindee, and the Scropes 
Range, about 50 km northwest of Menindee, form the main bedrock 
hills of the area. They are a principally a Precambrian massif with 
minor developments of Palaeozoic, including fossiliferous Upper 
Devonian sediments. Elsewhere in the region there are few exposures 
of bedrock and these are mostly small outcrops of sandstone, accessible 
in river beds during periods of low water. Vegetation of the bedrock 
hills consists mainly of shrublands of saltbush and bluebush but 
includes areas of Mulga (Acacia spp.) communities and grass.
Environmental history
It is clear from the above description that the Darling River is the 
only permanent water supply. The river supports the densest 
vegetation and is therefore the richest source of fauna and flora in the 
area. In the past, other water channels have existed which undoubtedly 
would have provided similar resource rich areas and might therefore 
be expected to have assumed important roles in the economy of people 
living in the area.
Bowler et al (1978) have suggested that before about 10,000 years ago, 
the anabranches of the Darling River - Talyawalka, Tandou and 
Redbank Creeks and The Anabranch (see Figures 1.1 & 1.2) formed the 
main river channel and that the present day Daring River formed at 
the end of the Pleistocene perhaps as a result of increased stream flow.
Information on environmental change over the last 30,000 to 40,000 
years derives mainly from interpretation of both lunette sequences and 
linear and subparabolic dune activity in the Willandra region as well 
as and more general studies of the effects of glaciation in Australia. 
These have been usefully summarised by Bowler et al (1976), who 
record the onset of conditions in the region wetter and possibly cooler 
than today between 40,000 and 25,000 years ago. Precipitation was 
probably also more effective at this time. Between 25,000 and 15,000 
years ago the Willandra lake levels were lowered marking an arid 
period which was at its peak between about 17,500 and 16,000 years BP. 
An explanation for the fall of lake levels early in this period while 
temperatures were still near their minimum levels is suggested by 
Bowler (1975). In this paper Bowler reconstructs the path of dune­
building winds across south eastern Australia and suggests that the 
effect of such winds would have produced marked seasons - hot dry 
summers alternating with cold dry winters.
Between 15,000 years ago and 10,000 years ago relatively dry 
conditions prevailed and dunes that formed during the previous arid 
period stabilised. There is no evidence to suggest that southeastern 
Australia has been much drier in the last 10,000 years than it has in the 
last 100 years although pollen evidence indicates a period wetter than 
at present at about 7,500-5,000 years ago (this evidence is discussed in 
more detail in Chapter 5).
There are no palaeobotanical studies of the Murray-Darling basin 
available. However, as the surface away from the floodplain is 
predominantly sand dunes, these would be devegetated during arid 
periods of dune mobilisation - particularly between 17,500-16,000.
During less arid periods these dunes would have been vegetated 
probably much as they are today.
The general effect of changing environments on the inhabitants of 
the region may have been much like the effect of changing availability 
of water at European contact. During periods of high precipitation, 
such as between 30,000 and 25,000 years ago, the river and lakes might 
be expected to be less crucial to survival than in periods when 
precipitation was low.
Chapter 3
PREVIOUS ARCHAEOLOGICAL SURVEYS
Before my surveys of the region shown in Figure 1.2 a small body of 
archaeological information was available as a result of surveys carried 
out by a number of different palaeontologists and archaeologists. The 
first recorded archaeological sites in the region were those discovered 
by the archaeologists Norman Tindale, Joseph Birdsell and colleagues 
during a delay in a trip from Broken Hill to Menindee in 1939. The 
sites, containing faunal remains, human burials, hearths and stone 
artefacts, were located in a series of exposures at the extreme northern 
end of the Lake Menindee lunette. As there was an apparent 
association of archaeological material and fossil remains of extinct 
"megafaunal" species, Tindale and Birdsell broke their journey to map 
the erosion areas, but the outbreak of World War II prevented further 
study of the site.
It was not until 1953 that Tindale returned to the site taking the 
opportunity of a visit to Australia by the American palaeontologists 
R.A. Stirton and R.H. Tedford. The results of this and the 1939 field 
trip, were briefly mentioned by Stirton (1954) and Tedford (1954) and 
presented in detail by Tindale (1955) and Tedford (1955). Because these 
were the first publications on the area they were mainly concerned 
with an analysis of the stratigraphy of these northern blowouts in the 
Menindee lunette and with descriptions of the fossils collected. 
However, Tedford was particularly interested in the question of the 
role that hum ans had played in the extinction of large mammal 
species towards the end of the Pleistocene. These finds seemed to offer 
the best evidence yet for the association of archaeological material with 
the remains of 'megafauna' in Australia. He returned to the Menindee 
sites in 1957 and 1958 (accompanied by Stirton in 1958) and again in 
1962, to search for further evidence of this association. During the 1958 
expedition Tedford collected charcoal which produced a radiocarbon 
date of 26,300 ± 1,500 years BP (LJ 204), from a hearth containing
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Macropus ferragus remains. At the time this was the oldest 
radiocarbon date for human occupation of Australia, and was the only 
dated site in which archaeological material and the remains of extinct 
animals appeared to occur together.
While this early reconnaissance was restricted to Lake Menindee 
and mainly to the original Tindale site, which had proved the most 
fruitful, the 1962 expedition consisting of Tedford, Tindale and G.
Pretty (an archaeologist for the South Australian Museum), also 
visited Lake Tandou where there were reports by local people of fossils 
and artefacts on its southeastern shore.
The obviously great palaeontological and archaeological potential of 
the high Tandou lunette made it the focus of much of the subsequent 
research. During 1964 and 1965, H. Marchant (then an honours student 
in the Department of Zoology, Adelaide University), and A. Warwick, 
of Willotia Station on the Darling River, collected more fossils from 
the Lake Tandou lunette and also recorded further new sites along 
Redbank Creek, between Lake Tandou and the Anabranch.
The fossils collected by Marchant and Warwick were sent to the 
South Australian Museum for identification and were probably the 
main impetus for a palaeontological expedition by P. Lawson of the the 
South Australian Museum and D. Merrilees of the Western 
Australian Museum in 1967. Like Tedford, Merrilees had an interest in 
late Pleistocene extinctions and, in addition to collecting mammalian 
faunal remains, recorded archaeological sites on the lunettes. These 
sites are not numbered or recorded separately in Merrilees’s fieldnotes, 
but it appears that, apart from the Tedford site at the southern end of 
the lunette, other sites were found in exposures sighted from the 
vehicular track along the margin of the lake floor. It is not clear how 
many of these blowouts were visited, but again, from Merrilees's 
fieldnotes, at least three shell middens were found. Many of the 
blowouts also contained shell, fish remains and charred bones of small 
animals, which Merrilees described as 'fragment float' and interpreted 
as debris from human camps. This presumed association of
archaeological material and the remains of extinct animals from 
Tandou lunette were included by Merrilees in his now classic paper 
'Man the Destroyer' (Merrilees 1968), in support of his thesis that 
human hunters played an important role in the extinction of 
Australian late Pleistocene marsupial species. Detailed results of the 
expedition, including systematic data on the fossils collected, were 
published later (Merrilees 1973).
The establishment of a National Park at Kinchega Station, near 
Menindee, in 1968 provided the impetus for further surveys in which 
some attempt was made to investigate areas lying between lakes and 
water channels. In the same year Pretty returned to the region to 
excavate a site on Kinchega Station that had been found by Mr N.
Farrer of Bootingee Station (Pretty's KW/1 is marked DWK 4 in 
Appendix 2) where he hoped "to determine the age and stratigraphic 
associations of a ground stone artefact type known as the 'pygmy-axe'" 
(Pretty 1981, p.53). Because Kinchega Station had recently become a 
National Park, he was asked by the National Parks Service, N.S.W. to 
search for other Aboriginal relics in the park.
Pretty's site survey seems to have been restricted to parts of the river 
banks south of the homestead, the east bank of Cawndilla Creek and 
the northwestern and northeastern edge of Lake Cawndilla. The 27 
sites found included seven canoe trees, burial remains, scattered 
artefacts and hearthstones and 1 shell midden (Pretty 1981).
In 1969 Allen began a broad regional study of the Murray-Darling 
basin, including an investigation of human exploitation of local 
resources from 30,000 years ago up to and including the first European 
settlement. The Willandra lakes region was an attractive field area at 
that time because it had recently been found to contain the oldest 
reliably dated Australian sites. In addition, many sites were already 
known to exist in the region and data from Bowler's 
geomorphological and stratigraphic study of the Willandra Lakes' 
lunettes was available. Allen's fieldwork in 1969 and 1971 concentrated 
on the Willandra lakes area, but for comparative purposes he also
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Creek and parts of the Teryawynia Creek overflow lakes which, unlike 
the Willandra lakes, contained organic remains younger than 13,000 
years.
Allen explored Lake Tandou lunette by carrying out a series of east- 
west traverses using a motorbike, and paid special attention to 
exposures of red palaeosol (Allen pers. comm.). During this 
reconnaissance three sites were discovered in the lunette. Two were 
located near the centre of the lunette and the third was on an exposure 
of palaeosol at its southerly tip, in an area known as the Cremation 
Locality (TNL 35 in Appendix 2 was recorded in this locality).
Sites around the overflow lakes of Teryawynia Creek are not 
discussed in detail in Allen's thesis (Allen 1972). Nine were recorded, 
one at North Lake, two at Ratcatchers Lake, one on the Boolaboolka - 
Albemarle Station road and four on Sayers Lake lunette. I am 
uncertain how these sites were found although some were shown to 
Allen by R. Lukoschek (then of Boolaboolka Station).
Following Allen's work there was very little archaeological research 
in the lower Darling until the late 1970's when a series of surveys 
addressed more specific questions. In 1978 and 1979 two more 
archaeological surveys were carried out within Kinchega National 
Park. The first of these, directed by R. Buchan and J.P. White , was 
carried out partly as a student exercise and partly to provide 
information for future park management by recording relationships 
between site types and different environmental zones identified 
within the park. The survey was mostly restricted to lake margins but 
an east-west transect across the park was also included. The results of 
this survey were published by Buchan and White (1981). They 
concluded that the richest concentrations of archaeological materials, 
including scarred trees and shell middens, occur in areas immediately 
adjacent to river and lake edges. Campsites and stone artefacts, but no 
organic remains, were present in areas between water sources. 
However, these were usually located in places where sheet erosion had
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occurred, so that the material now rests on hard grey claypan and is 
not in situ.
Other early studies in the region include a survey by Aplin, Silcox, 
Stern and Williams (1981) which was commissioned by the National 
Parks and Wildlife Service, N.S.W. to assess the impact of a rabbit 
control programme on Aboriginal sites within the park. This project, 
which was a more detailed survey of a smaller area than Buchan and 
White's, covered the western shore of Lake Cawndilla and the 
'Waterbird Peninsula' of Lake Cawndilla and recorded 44 sites 
including burials, flaked artefact scatters, hearths and one shell 
midden. The shell midden (site 28 of Aplin et al) appears to be Pretty's 
site 13 (Pretty 1981) and is listed as CDW 1 in Appendix 2.
In 1979, Hope and McIntyre conducted two archaeological surveys in 
the region the results of which were subsequently published (Hope 
and McIntyre 1981). One of these covered Wilcannia Common where 
burials, hearths and artefact scatters were recorded. The second was a 
foot traverse of the entire Tandou lunette where a further 34 sites were 
recorded. This latter survey initiated fieldwork on the Darling Project.
Despite the number of surveys available, there was insufficient data 
from which to base my study without extensive further survey. Each 
of the individual projects so far completed had separate objectives 
resulting in different kinds of data collected by each worker. Because it 
was the opportunity of finding extinct fauna that attracted research in 
the area initially, subsequent research has focussed on eroded lunettes 
in which the fossils were first found near the township of Menindee. 
Pretty's, Buchan and White's and Aplin, Silcox, Stern and Williams' 
work was directed by the management needs of the National Parks and 
Wildlife Service and recorded sites within the Park boundaries.
Allen's major concern was to find some midden sites which were 
datable and which he could therefore compare to the Willandra 
middens. The time constraints on his research did not allow extensive 
survey and he again turned his attention to areas where he knew 
middens existed - Lake Tandou Lunette and a small part of Tandou
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Creek where it flows into Lake Tandou. The known archaeology for 
the region derived, therefore from a very small part of the lower 
Darling system. Little was known about the distribution and contents 
of sites associated with other lakes or with waterchannels.
Chapter 4
SITE DISTRIBUTION
The techniques and objectives of the surveys for this project are 
described in Chapter 1. In summary, they concentrated on the section 
of the lower Darling River between Wilcannia and Menindee and 
concentrated on the following five areas - see Figure 4.1 for locations:
1. The banks of all of the channels representing the Pleistocene 
river system (Talyawalka Creek, Tandou Creek and Redbank 
Creek).
2. The margins of the lakes associated with the Pleistocene river 
channel (Lake Tandou, Kangaroo Lake and Packers Lake).
3. The margins of all the overflow lakes of Teryawynia Creek.
4. Sections of the existing Darling River channel described in 
Chapter 1, p. 30.
5. The perimeters of Lakes Menindee, Cawndilla Pamamaroo, 
Tandure and Balaka.
There were no detailed surveys of The Anabranch but the northern 
parts of Lakes Nitchie and Milkengay and the area of the river near the 
Travellers Lake inlet channel were visited.
Site distribution
The distribution of archaeological sites containing remains of 
aquatic fauna is shown in Figure 4.1. This indicates that most sites are 
located on the eastern margins of the lakes, but that there are 
substantial numbers associated with water channels, most of which
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are concentrated along the margins of the ancestral river. This 
distribution pattern largely reflects preservational properties of the 
sediments. Faunal material is preserved best in the lunettes and 
source-bordering dunes, where, during periods of rapid 
sedimentation, it is quickly covered. Thus accumulation and 
preservation of aquatic faunal remains in these dunes requires both 
water in the lake or water channel and rapid subsequent burial by 
sediment. Such sites seem mainly to represent a single event, as they 
often consist of one fireplace, surrounded by a very localised 
concentration of bones or shells. Their deposits are stratigraphically 
thin and appear to have been rapidly covered by sand, as there is little 
evidence of pre-depositional erosion. The discovery of sites of this type 
is to some extent fortuitous as it depends on their quick recognition 
when they are uncovered by wind erosion. Once uncovered, their 
organic remains rapidly deteriorate. Preservation in newly exposed 
sites is generally excellent, and fragile material, including crustacean 
carapaces, is recognisable even in the oldest sites.
Faunal remains, including bone, are also preserved in beach 
sediments which usually accumulate on low land spurs on the lake 
margins. Presumably the preservation of this material is also 
dependent on rapid sediment deposition following the original 
disposal of the faunal remains. All of these sites are considerably 
disturbed and the archaeological material is no longer in its original 
position.
Few sites containing faunal remains were recorded on the surface of 
the red sand plain, which borders the western margins of lakes and 
parts of the river channels, or on the grey fluviatile sediments which 
border most of the main Darling River channel. Additional sites may 
exist within subsurface deposits representing floodplain accumulation, 
but have not been exposed by subsequent erosion. Those recorded 
from floodplain sequences occur mainly in areas of shallow erosion 
within vehicle or stock tracks.
The remaining two stratigraphic situations in which sites are found 
along river channels are:
(a) On the surface of the red sandplain where it forms cliffs on the 
outer erosional side of meanders. In this situation the inner side of 
the meander is depositional and consequently repeatedly covered by 
grey point bar deposits during floods.
(b) In source-bordering dunes.
The locations of sites described above are summarised in Figure 4.2.
The scarcity of sites recorded on the western margins of the lakes is 
explicable in terms of the strongly oxidising environment, and hence 
relatively poor preservational properties, of the red sandplain and 
dunes. Some archaeological sites were found on red sandy sediments 
but, so far, the only faunal remains recorded from them are decayed 
and fragmented shell (see, for example Plate 4.1). Grindstones and 
other artefacts are scattered sporadically on red sandy sediments 
adjacent to lake margins but their relationship to the faunal remains, 
if any, is not obvious.
From the preceding discussion it will be clear that distributional 
patterns of sites recorded during this project relate primarily to 
geomorphology. They not necessarily imply any particular past 
cultural preference for the location of middens.
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Plate 4.1 A typical shell scatter on the red sandplain of the western lake margins.
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Chapter 5
SEDIMENTARY SEQUENCES AND THEIR CHRONOLOGY
The results of 86 radiocarbon determinations are available for 
sediments and archaeological sites associated with the section of the 
lower Darling River system shown in Figure 1.2. Seventy-two of these 
are on species of Hyriidae shell collected from middens and hence 
directly date past Aboriginal use of the river and lake food resources. 
Three of the remaining dates are on soil carbonate, one on charred 
collagen from a human cremation and one on human bone apatite.
A further nine dates were obtained from charcoal from hearths, from 
organics obtained from hearthstones, or from disseminated charcoal. 
The latter is not necessarily the result of human firing. Although the 
hearths and burial obviously date human presence in the region, they 
do not necessarily record the use of riverine or lacustrine resources. 
Only one of the hearths contained aquatic faunal remains.
There is little cause to doubt the reliability of either the charcoal or 
the shell dates as previous results from the Willandra have been fairly 
precise (Allen 1972; Bowler 1970) but accuracy of the collagen and 
carbonate dates is less certain. Bowler and Polach (1971) have 
previously concluded that many soil carbonate samples yield only 
minimum ages which record only the last major phase of carbonate 
mobilisation within the soil profile. Williams and Polach (1971) 
described circumstances in which soil carbonate may produce 
radiocarbon dates that are either older or younger than the true age of 
the sediments from which they derive. A more recent study by Callen 
et al (1983) investigating radiocarbon dating of pedogenic carbonate 
from the southern Strzelecki Desert concluded that, although 
carbonate dates from a sequence are a sound guide to relative 
stratigraphy, they commonly do not represent accurate chronological 
ages.
Almost all of the available radiocarbon dates (77) were obtained 
from samples submitted by either myself or Jeannette Hope during the 
3 year period 1980-1983. Radiocarbon dating was carried out under the 
supervision of J. Head at the Australian National University 
Radiocarbon Laboratory. The remaining dates are from previous 
studies in the region. Four derived from material collected by Harry 
Allen during his PhD project in 1969-1972, and five were based on the 
original collections made by Norman Tindale and Richard Tedford at 
Lake Menindee during the 1950s (Dury 1964). Single dates were 
obtained by Freedman and Lofgren, from shell collected by Dr D. 
Merrilees at Lake Tandou during a joint South Australian Museum 
and Western Australian Museum expedition in 1967 (Freedman and 
Lofgren 1983) and by N.W.G. Macintosh for a skeleton buried at Lake 
Nitchie (Macintosh 1971).
The principal objective in the selection of samples for radiocarbon 
determinations by myself and Hope was to ensure that all identified 
sedimentary units in which middens occur were represented. Further 
radiocarbon dates were obtained to establish the ages of middens at 
apparently different vertical locations within these sedimentary units. 
Within the floodplain and sandplain sediments, in which no internal 
stratigraphy was identified, samples were taken from middens 
representing both the modern and ancestral Darling River channels 
and their associated lakes. While all of the identified sedimentary units 
which contained organic remains were dated, differences between the 
thicknesses of these units mean that there are more dates available for 
some sedimentary units than others. The Bootingee Unit within the 
Tandou lunette, for example, has a comparatively large number of 
dates. The significance of this uneven representation is merely that the 
arithmetic number of dates for each unit does not necessarily reflect 
greater or lesser human use of the area at a particular time.
The large number of available radiocarbon dates has greatly 
facilitated interpretation of the archaeological results. They enable the 
establishment of a basic chronology for those sediments associated with
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the rivers and lakes of the lower Darling Basin and thus provide a 
hydrological history of the region. It is therefore possible to construct a 
standard for comparing sites within the region and for correlating 
sedimentary units and their associated archaeological sites with other 
areas of the Murray-Darling Basin. It should be noted, however, that 
nearly all the archaeological sites occur in aeolian sediments associated 
with rivers and lakes. There may well be time-lags between changes in 
the river and lake systems and in their associated dunes. There is also 
the question of the time-lag between an environmental event (such as 
the filling of a lake), and the archaeological reflection of human 
response to that event (such as exploitation of the lake's resources).
The 72 radiometric dates on shell midden samples represent a 27,000 
year time span but are not evenly distributed either spatially or 
temporally over this period. In particular, they cluster around 4 distinct 
intervals of time, at about 24,000 years BP, 13,000 years BP, 7,000 years 
BP and less than 1,000 years BP (Figure 5.1). As all these samples were 
obtained from a single site type, a first level environmental 
explanation for the clustering might be that it reflects periods of water 
availability, or depositional conditions conducive to preservation. It is 
likely that such circumstances would correlate.
The preservation of faunal material in lunettes and source- 
bordering dunes depends on a period of rapid sediment deposition (to 
protect it from exposure to erosion) following the initial accumulation 
of the faunal remains. This is obviously of critical importance to the 
interpretation of clustered radiocarbon dates, which may solely reflect 
differential preservation of middens related to variations in 
sedimentary processes.
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Number of Dated Sites
Age (Kyr)
Figure 5.1 The number of radiocarbon dated sites containing aquatic fauna from the lower 
Darling region and associated lakes in each 1,000 year period.
To simplify the chronological reconstruction and to compare 
sedimentation between different lakes and river channels, the regional 
chronologies of 5 hydrological areas will first be discussed. These are:
1* The channels representing the late Pleistocene river
system described by Bowler et al. (1978) which includes 
Talyawalka Creek, Tandou Creek, Redbank Creek and The 
Anabranch.
2. The lakes associated with the Pleistocene channel.
3. The overflow lakes of Teryawynia Creek, a distributary of 
Talyawalka Creek.
4. The existing Darling River Channel.
5. The lakes associated with the existing Darling River 
channel.
67
1. The late Pleistocene river channel.
As described in Chapter 2, Talyawalka, Tandou and Redbank Creeks 
and The Anabranch itself, form the southern part of a complex 
anabranch system paralleling the Darling River. The landforms 
surrounding these channels have also been described in Chapter 2 and 
are divisible into 3 categories: red sandplain, grey floodplain and 
source-bordering dunes.
The most complete surveys of the ancient channel were carried out 
along Talyawalka Creek between Wilcannia and its junction with the 
Darling at Menindee and along Tandou Creek, between Lake Tandou 
and the boundary between Lake Tandou and Kinchega Station 
properties. Sixteen of the 18 radiocarbon dates for the ancient river 
channel, which are listed in Table 5.1 are from sites recorded during 
these surveys. The remaining two radiocarbon samples were from two 
sites associated with The Great Anabranch. One of these sites was the 
only site on grey flood silts for the ancient channel that contained 
fauna. The other was a shell sample from a midden in a source- 
bordering dune and was submitted to confirm the consistency of 
radiocarbon ages of sites within dunes of this type.
Most (10) of the dates for the late Pleistocene river channel are from 
sites on sandplain exposures which occur on the outer cliffed margins 
of channel meanders. Of these ten dates, seven fall in the age bracket 
14,000-12,000 years BP, two within the bracket 6,000-2,000 years BP and 
one (ANU-449) from charcoal taken from a hearth resting on red 
sandplain at Allen's Tandou Creek 1 site (TNC 1), gave a modern date. 
This hearth did not contain aquatic remains and therefore does not 
necessarily represent exploitation of Tandou Creek.
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RADIOCARBON
AGE
(Years BP)
Grey
Floodp lain
Red
Soil
Source-
bordering
Dune
0-2000
TRA 2 ANU-2997 
[105.5±1.0%]
TNC 1 ANU-449 
charcoal 
[105±65]
2000-4000 COW 1 ANU-2756 
[2300±90]
TMC 11 ANU-3007 
[3220±80]
4000-6000 GLP 5 ANU-2756 
[5960+110]
6000-8000
8000-10000 TW H 1 ANU-2826 
[9380+130]
10000-12000 GLP 1 ANU-2818 
[11350+190]
12000-14000
GEM 1 ANU-2823 
[12200+140] 
KAW 1 ANU-2819 
[13250+160] 
TMC 10 ANU-2824 
[13530±130] 
TNC 7 ANU-3004 
[13550±140] 
TNC 2 ANU-3003 
[13550±160] 
DEA 4 ANU-3006 
[13840±160] 
TNC 1 ANU-702 
[12350+170]
SWH 1 ANU-2822 
[13020+140] 
TRA 1 ANU-2996 
[13450+190]
14000-16000 KGE 1 ANU-2516 
[15250±170]
16000-18000 AVON 1 ANU-2517 
[16100+180]
TABLE 5:1 Radiocarbon dates associated w ith  the ancestral
river channel. Unless otherw ise specified the dates 
were obtained from  shell of the the river m ussel 
(A la th y r ia  ja ckso n i) .
Seven of the dates from the Pleistocene river were from shell 
middens from source-bordering dunes associated with the water 
channel. These dunes varied in both size and structure but all show a 
degree of soil development. Material for all except two of the 
radiocarbon dates from these source-bordering dunes was collected 
from laminated sands overlying a red palaeosol within the dunes. 
White mobile sands typically overlie these laminated sands. This
suggests an active period of dune building between about 16,000 and 
11,000 years ago. The date of 9,380 ± 130 years BP (TWH 1) was 
determined on material collected from a comparatively small, low 
dune, possibly formed when the wide sandy bed of the ancient channel 
was exposed to wind erosion, during the final period before its 
abandonment in favour of the present-day Darling River channel. The 
more recent date of 3,220 ± 80 years BP (TMC 11) is for fragmented shell 
scattered widely over mobile sands of a source-bordering dune situated 
near the junction of the ancient and modern channels. The recent date 
may, therefore, represent exploitation of river mussels during a high 
water period of the Darling River when Talyawalka Creek acted as its 
overflow channel.
The modern date obtained from TRA 2, the only midden found on 
floodplain silts bordering the ancient channel, is consistent with the 
recent origin of these sediments.
It is difficult to explain why such a high proportion of sites dated 
between 12,000-14,000 years BP occur on the sandplain, as their 
preservation cannot be explained as evidence of dune building. It is 
interesting however, that the only recorded midden on the red soil of 
the western margin of lake Tandou also falls within this bracket. The 
intermittent distribution of dates over time will be further discussed in 
in relation to all the chronological evidence at the end of this chapter.
2. Lakes associated with the ancient channel
The associated lakes of the ancient channel include all those 
connected to Talyawalka Creek, Tandou Creek, Redbank Creek and The 
Great Anabranch (see Figures 1.1 & 1.2). Lake Cawndilla is not regarded 
as part of this system, as the water channel connecting it to Tandou 
Creek is artificial and was created as part of the Menindee Lakes storage 
scheme in 1960.
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Radiocarbon dates so far obtained from these lakes are listed in Table 
5.2. They are derived from sites associated with three lakes: Lake 
Tandou, Kangaroo Lake and Lake Nitchie.
R AD IO C A R B O N  AGE  
YEARS BP
Lake T a n d o u Lake Nitchie Kan garo o  Lake
0 -2 0 0 0
2 0 0 0 -4 0 0 0
4 0 0 0 -6 0 0 0
N itch ie  buria l u n c a ta lo g u e d  
bone  a p a tite  [682 01 2 0 0 ]
6 0 0 0 -8 0 0 0
8 0 0 0 -1 0 0 0 0
1 0 0 0 0 -1 2 0 0 0
K A L  12 A N U -3031  
[1 1 5 0 0 1 9 0 ]
1 2 0 0 0 -1 4 0 0 0
C rem a tion  loca lity  buria l 
A N U -7 0 5 , ch a rre d  co lla g e n , 
[1 2 5 3 0 + 1 6 3 0 , -1 35 0 ] 
T N W 1  A N U -3 8 1 9  
[1 2 9 9 0 ± 1 40]
K A L  1 A N U -2311 
[1 2 2 5 0 1 2 1 0 ] 
K A L  10 A N U -3 0 1 2 
1 3 6 0 0 1 1 6 0
1 4 0 0 0 -1 6 0 0 0
D ip ro to d o n  lo ca lity  A N U -2 1 5 6  
so il ca rb o n a te  [1 4 7 5 0 ± 1 5 0 ]
T N L  30  A N U -2 1 5 6  
[1 4 8 5 0 ± 1 90]
S he ll d a te  loca lity  A N U -2 1 6 0  
so il ca rb o n a te  [1 5 0 0 0 ± 1 6 0 ] 
C re m a tio n  lo ca lity  S U A -18 0 5  
[1 5 2 1 0 ± 1 60]
T N L  8 A N U -2 3 1 3  
[1 5 4 5 0 1 2 4 0 ]
T N L  38 A N U -3 0 0 2  
[1 5 5 5 0 ± 1 8 0 ]
1 6 0 0 0 -1 8 0 0 0
T N L  6 A N U -2 7 5 5  
[1 6 1 0 0 ± 1 80]
S he ll d a te  loca lity  A N U -2 1 6 2  
so il ca rb o n a te  [1 6 3 5 0 1 4 3 0 ]
K A L  2 A N U -2 5 0 2  
[1 7 0 5 0 1 3 4 0 ] 
K A L 3 A N U -2 5 0 3  
[1 7 3 0 0 1 1 9 0 ]
1 8 0 0 0 -2 0 0 0 0
K A L  4 A N U -2 5 2 0  
ch a rco a l [1 7 0 5 0 1 1 4 7 0 ]
T A B L E  5 : 2 .  R a d io c a rb o n  d a te s  a s s o c ia te d  w ith  th e  o v e r f lo w  la k e s  o f th e  a n c ie n t  r iv e r  c h a n n e l.
D a te s  w e r e  o b ta in e d  fro m  s h e ll o f th e  la k e  m u s s e l [ V e le s u n io ip .  cf. V. a m b ig u u s ] 
u n le s s  o th e r w is e  s p e c if ie d .
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R A D I O C A R B O N  A G E  
Y E A R S  B P
L a k e  T a n d o u L a k e  N i t c h i e K a n g a r o o  L a k e
2 0 0 0 0 - 2 2 0 0 0
2 2 0 0 0 - 2 4 0 0 0
TNL 2 0  A N U -2307  
[2 2 0 5 0  ±440]
MKG 2  A N U -3008  
[2 3 3 6 0 1 7 5 0 ]
2 4 0 0 0 - 2 6 0 0 0
TNL 3 4  A N U -2371 
[2 4 0 5 0 + 5 0 0 ]
TNL 2 8  A N U -2161 
[2 4 1 0 0 1 4 0 0 0 ]
TNL 3 6  A N U -3001 
[2 4 6 5 0 1 6 0 0 ]  
TNL 9  A N U -2314  
[2 5 8 0 0 1 5 0 0 0 ] 
TNL 3 5  A N U -2754 
[2 5 9 2 0 1 5 6 0 ]
2 6 0 0 0 - 2 8 0 0 0 TNL 15  A N U -3000 
[2 6 9 0 0 1 5 9 0 ]
T A B L E  5 :2 . R a d io ca rb o n  da tes  asso c ia te d  w ith  th e  o ve rflo w  lakes of the  an c ie n t rive r chann 
[c o n tin u e d ] D a tes w e re  o b ta in e d  from  she ll o f th e  lake m usse l [ V e ls u n io  sp. cf. V. a m b ig u u s  ]
un le ss  o th e rw is e  spe c ifie d .
The oldest archaeological sites so far found in the lower Darling 
region occur in the lunettes bordering overflow lakes of the ancestral 
channel. Stratigraphic sections of these lunettes are sufficiently similar 
to suggest that common hydrological factors were responsible for their 
formation.
Lake Tandou
At Lake Tandou lunette the 41 recorded sites occur in 2 stratigraphic 
situations. The depositional sequence within the lunette has been 
described by Hope, Dare-Edwards and McIntyre (1983). Further 
discussion of the sedimentary units relevant to archaeological sites is 
provided here in order to emphasise the stratigraphic contexts in 
which the sites occur.
The Lake Tandou lunette is about 25 km long and ranges in height 
from l-2m at its northern and southern ends to about 25 m above the 
lake bed in the centre. Present-day erosion of the lunette is caused by 
both wind and water. Wind erosion of the upper sandy unit of the 
lunette is producing mobile sand dunes on the lee side, some of which 
extend more than 3 km east of the lake. This process results in a slow 
easterly migration of the dune and modifies its vertical profile. Rain 
causes gullying and sheet erosion, forming small alluvial fans on the 
lakeside of the dune. These erosional processes have exposed a fairly 
complete stratigraphic section within the lunette and revealed the 
archaeological sites.
Stratigraphically, the lunette comprises a sequence of discrete 
sedimentary units. While most of these units are present throughout 
the length of the lunette, they are generally thicker in the centre of the 
lunette than the extremities. Soil horizons in varying states of 
development and truncation are also present. This sedimentary 
sequence reflects the lunette's development by a cyclical phases of 
deposition, erosion and soil development during which one process is 
dominant at any given time, so that unstable intervals of deposition 
and erosion are interspersed with periods of stability and soil 
formation.
The sedimentary sequence shown in Figure 5.2 is that constructed by 
Hope et al (1983) who noted that, so far, no archaeological remains 
have been found either in or below a sedimentary unit that Hope and 
her co-authors named the Tandou Unit, which overlies the Packer 
Unit. The Tandou Pedoderm, hereafter referred to as the Tandou Unit, 
is a palaeosol with a bright red upper surface which is exposed as a 
pavement outcropping on the lakeside of the lunette and dipping 
towards its lee. Towards its base the Tandou Unit is paler and contains 
carbonate nodules. A thick sedimentary sequence of sandy and sandy 
clay loams, the Bootingee Unit (Hope et al 1983), rests unconformably 
on the Tandou Unit. It contains at least three weakly developed soil 
horizons, but little primary bedding is preserved. A well-developed
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secondary carbonate horizon occurs within each of these palaeosols, 
forming three low cuesta-like ridges of indurated carbonate on the 
deflated surface.
Throughout the major length of the lunette, the stratigraphic units 
dip away from the lake and, in general, the original pattern of 
superposition is preserved. However some complexity is introduced by 
two distinct phases of slumping and re-deposition that have occurred 
downslope on the lakeside of the lunette. The earlier episode appears 
to predate soils and sediments of the Bootingee Unit, which is in turn 
truncated by the later disturbance.
Thirty of the 41 sites recorded from the Lake Tandou lunette were 
exposed either in situ within sediments at the base of the Bootingee 
Unit or lying on the surface of the Tandou Unit itself. Shells from 
seven of these sites were dated by the ANU Radiocarbon Laboratory 
and yielded ages in the range 27,000-22,000 years BP. All these 
archaeological remains appear to have derived from middens at the 
base of the sandy Bootingee Unit.
The remaining 11 sites lie higher within the Bootingee Unit. 
Radiocarbon dates are available from shell from four of these and fall 
within the range 16,000-15,000 years BP. Freedman and Lofgren (1983) 
published a further date that falls within this range, which had been 
obtained from shell collected by Merrilees in 1967. Merrilees's field 
description of the sediment in which these shells were found was 
quoted by Freedman and Lofgren and this accords with the lithology of 
the Bootingee Unit. The radiometric date of 15,210 ± 160 (SUA 1805) is 
also consistent with this source.
Three additional dates have been obtained from the Diprotodon 
Locality at Tandou lunette - 34,700 ± 900 (ANU-3507), 34,200 ± 850 
(ANU-3508) and 36,000 ± 1,100 (ANU-3509). These dates are on shell 
fragments collected from an eroded sand unit, recognised only from 
the southern extremity of the lunette, underlying the red Tandou Unit.
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They were obtained by J. Hope during a major excavation of this lower 
sediment in 1982. The shell for these dates did not occur in 
concentrated middens like the younger sites at Tandou but it was 
associated with fish and mammal bones. Hope has interpreted these 
remains as archaeological (J. Hope pers. comm.) but further 
investigation is warranted. The results have therefore not been 
included in this study.
The archaeological sites in the Lake Tandou lunette thus seem to 
occur at two principal stratigraphic locations within the Bootingee 
Unit. The older is near the base of the Bootingee Unit, close to the 
upper surface of the Tandou Unit, and represents a time interval of 
around 22,000-27,000 years BP; the younger lies about halfway up the 
Bootingee Unit and yields radiocarbon ages of about 15,000-16,000 years 
BP.
However, four radiocarbon dates from the Tandou lunette are 
inconsistent with this generalisation. One was reported by Allen (1972) 
and was based on charred collagen from a human cremation, 
recovered from the most southerly eroded area on the lunette. This 
site is now called the Cremation Locality (Fig. 5.3) and lies in a brown, 
non-calcareous sand. Allen recognised this as the upper horizon of a 
soil, which probably correlates with the Tandou Unit. The radiocarbon 
age of the collagen was 12,530 ± 1630 (ANU-705) but shell carbonate 
collected from a midden (TNL 35) within the same exposure was dated 
as 25,920 ± 560 BP (ANU-2754) (Hope et a l  1983). Although it is likely 
that the collagen date underestimates the true age of the cremation (see 
above), there is a possibility that the cremation, and perhaps other 
burials associated with it, were placed in position after initial 
deposition of sediment and are indeed younger than other 
archaeological material in the exposure.
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Shell Date Locality v p
Cremation Locality
Diprotodon Locality
Fig. 5.3 Plan of Lake Tandou lunette show ing the localities referred to in the text.
Dates obtained from the three samples of soil carbonate are also 
difficult to interpret. Two of these were collected from the central part 
of the lunette at the so-called the Shell Date Locality (Hope et al 1983) 
and the other from the D iprotodon  Locality at the southern end of the 
lunette (see Figure 5.3). It was expected that dates obtained from these 
soil carbonate samples would be older than any from the contact of the 
Bootingee Unit and the Tandou Unit. However, all three gave ages of 
about 15,000 years BP (14,750 ± 150 ANU-2156 for the Diprotodon  
Locality, 15,000 ± 160 ANU-2160 and 16,350 ± 430 ANU-2162 for the 
Shell Date Locality). These were amongst the first samples dated, and 
were believed to represent the Tandou soil pedoderm. The explanation 
put forward by Hope et al (1983) was that a mixture of carbonate 
nodules from both the palaeosol and the base of the Bootingee Unit 
was dated. Following Hope's excavation at the Diprotodon Locality at 
the end of 1982 and the discovery of three closely overlaid soils there, a 
better explanation is that these dates reflect a major pedogenic episode 
at 15,000 years BP.
In the central part of the lunette Hope et al (1983) recognised three 
further major units underlying the Tandou Unit, the Packer, Kinchega 
and Buntigoola Units. There are no radiocarbon dates available from 
within the Tandou Unit itself, or from these 3 units below it. As no 
archaeological remains have yet been found in any of these four units 
they are of no immediate concern here, except to emphasise that Lake 
Tandou may be very ancient. Archaic stream channels are recognisable 
in aerial photos of the region and the major stream, Stephens Creek, 
still flows after heavy rains. These channels rise in the Barrier Ranges 
and terminate at the northern end of Lake Tandou, or at Lake 
Nettlegoe, which drains into Lake Tandou. Thus it is possible that the 
pre-existing Lake Tandou formed as a terminal lake basin before the 
development of either of the two known Darling River channels.
Although sites have only been found in two stratigraphic locations 
in the lunette sequence, Hope et al (1983) recovered clay hearthstones 
from the beach sand/alluvium contact in a back-hoe trench excavated
on the lakeside of the lunette. These suggest that there may have been 
beachfront sites of similar age to those within the lunette succession, 
which are now covered by at least 50 cm of secondary sediment.
The youngest date for a shell midden at Lake Tandou is from a site 
on the western side of the lake (TNW 1). As this site is within a beach 
deposit, its date of 12,990 ± 140 BP (ANU-3817) probably represents the 
last time Lake Tandou filled to this elevation.
K a n g a r o o  Lake
Although Kangaroo Lake is very close to Lake Tandou and is also 
connected to Tandou Creek, the stratigraphic section within its lunette 
is much more complex than that at Lake Tandou. It was investigated as 
part of a field project by ANU undergraduate geography students under 
the supervision of G. Hope in July 1980. Logs, recorded by the students 
of five series of auger holes drilled in a grid on the lunette surface, 
show sharp lateral lithological variations. A schematic section based on 
these results is shown in Figure 5.4.
A red palaeosol, which may be equivalent to the Tandou Unit, was 
identified in the five sections intersected by the auger drill-hole series. 
It overlies at least two other palaeosols which are identifiable in the 
auger cores although not exposed at the surface. Above it a series of 
stratigraphic units, which consists mainly of buff (or sometimes 
orange) sands, is developed. A single brown palaeosol indicates a 
period of stability within this sandy sequence.
Sites occur on both the front and backslopes of the Kangaroo Lake 
lunette. Two shell middens dating to about 17,000 years BP lie on the 
lakeside slope of the lunette. One of these (KAL 3) was within a 
residual of buff sand and the other (KAL 2), in a sequence of slopewash 
clays and sands. A further date of 17,000 years BP has been obtained 
from charcoal collected from an extensive thin occupation horizon 
(KAL 4), containing bone but little shell, on the lee side of the lunette.
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The brown palaeosol lies stratigraphically above all three sites and 
shell collected from its surface (KAL 10) produced a radiocarbon age of 
13,600 ± 160 years BP (ANU-3012). The stable conditions represented by 
the palaeosol therefore appear to have occurred sometime during the 
period 17,000-13,000 years BP.
Another shell midden from within the sandy buff unit, above the 
brown palaeosol, has provided a date of 12,250 ±210 years BP (ANU- 
2311) and the uppermost unit in the lunette sequence, consisting of 
alternating layers of sand and clay, contains a small midden with shell 
material dated at 11,500 ± 90 years BP (ANU-3013).
Lakes associated with the Anabranch
Although The Anabranch was not included as part of the main 
study area defined in Chapter 1, as stated in Chapter 4, some parts of 
the river channel and Lakes Nitchie and Milkingay were visited for 
comparative purposes. As some radiocarbon dates were obtained for 
these areas, they are included in this discussion.
Lake Nitchie
Stratigraphic sections in lunettes on the anabranch lakes have an 
uppermost sandy unit overlying a red palaeosol similar to the Tandou 
Unit and in this respect resemble that at Lake Tandou. Site survey was 
not as extensive at Lake Nitchie as around the northern lakes, and only 
a single site was found. This occurred on the surface of the red 
palaeosol and was of comparable age (23,360 ± 750 years BP) to those 
from a similar stratigraphic horizon at Lake Tandou. Although 
negative, this evidence suggests that there was never an intensive 
occupation based on mussels and other aquatic species at Lake Nitchie. 
The Lake Nitchie burial first recorded by Macintosh (1970) is intrusive 
into the calcareous sediments in which it was found and as the surface 
sediments from which the grave was dug cannot confidently be 
identified (Bowler 1970), the radiocarbon date on bone apatite
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(Macintosh 1971) is not useful in the chronology of the Lake Nitchie 
sediments.
Lake Milkengav
Two radiocarbon dates were obtained by Hope, from charcoal 
recovered from the lunette of Lake Milkengay, which lies immediately 
south of Lake Nitchie. One charcoal sample from a hearth containing 
fragmented mussel shell and bone gave a date of 3,390 ± 500 years BP 
(ANU-2209). The other sample came from a charcoal patch that seemed 
to be the remains of a tree stump or root rather than a hearth. This 
gave a date of 4,590 ±210 years BP (ANU-2208). The hearth was 
interpreted as being stratigraphically lower than the tree stump, so the 
dates are the reverse of what was expected.
The samples were dated because of their apparent association with a 
dingo skeleton which was found in situ in the highest sandy unit of 
the lunette. They and the dingo were exposed in an eroded area 
containing surface artefacts, human and animal bone fragments, and 
occasional mussel and gastropod shells. In spite of the reversal, the 
dates indicate a mid-Holocene lake high at Lake Milkengay.
3. Overflow lakes of Teryawynia Creek
These lakes form a terminal drainage system of Talyawalka Creek. 
Teryawynia Creek is the channel connecting them and is a distributary 
of Talyawalka Creek, which it leaves about 60 km south of Wilcannia. 
All the radiocarbon dates available for this region and listed in Table 
5.3 were obtained from fragments of lake mussel (Velesunio sp. cf.
V.ambiguus) that were collected from middens.
Lunettes bordering these lakes are low and stable compared with 
those of lakes associated with the main ancestral channel. There is 
little erosion and consequently their stratigraphy is not well exposed.
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In contrast to the predominantly sandy lunette sediments of the lakes 
previously described, sediments observed in the Teryawynia lake 
lunettes contain a substantial amount of clay. A well-developed brown 
sandy palaeosol with a nodular carbonate horizon was recorded in 
exposures in a deep gully in the Gum Lake lunette. It rests on heavy 
lake clays and is overlain by clayey sands.
The highest lunette borders Ratcatchers Lake where sandy sediments 
have accumulated at the northern end. The stratigraphic sequence has 
been partially exposed in blowouts caused by recent erosion. A series of 
six auger holes, normal to the axis of the lunette at the northernmost 
blowout, reveals a complex lake history. A section constructed from 
field observations, supplemented by subsurface data obtained from the 
auger holes is shown in Figure 5.5.
RADIOCARBON AGE 
YEARS BP
0-2,000
Dry, Eucalyptus, 
Waterloo, Victoria & 
Dennys Lake
Sayers, Gum, 
Boolaboolka, 
Ratcatchers & 
North lake
Kaleentha Loop
2,000-4,000
4,000-6,000 WAT 6 ANU-2825
5,940180
6,000-8,000 WAT1 ANU-2758 RAT 1 ANU-949 KLL AN U-2925
6,9201100 7,1701110 7,9301110
WAT 2 ANU-2761 RAT 9 ANU-3011
6,9501150 7,1701100
SNK 3 ANU-2820 SAL 7 ANU-2648
7,0801130 7,2001110
WAT 26 ANU-2999 NAL 2 ANU-2762
7,1501100 7,3501110
WAT 3 ANU-2759 BBL 7 ANU-3009
7,3301100 7,3901100
SAL 8 ANU-2308
7,4001100
RAT 1 ANU-3010
7,440 1100
SAL4 ANU-2760
7,5101100
RAT 7 ANU-2650
7,6101120
TABLE 5.3 Radiocarbon ages of shell from midden sites associated with the Teryawynia 
overflow lakes - arranged in groups geographically spaced from north to south.
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The north side of the blowout consists of lunette sediments. Fine 
well-sorted sand redeposited from the blowout by recent wind erosion 
overlies a red palaeosol. Beneath this are fine white sands which auger 
cores show to rest on red and grey mottled sandy clay.
In other adjacent blowouts brown sediments can be seen 
unconformably overlying the red sand. Remains of extinct mammals, 
the most common being the giant kangaroo Procoptodon , have been 
found in many of the blowouts and these appear to have been 
reworked from the red soil and pure white sands. This 
palaeontological evidence indicates that lakes are no younger than late 
Pleistocene but so far no archaeological remains older than 8,000 years 
have been found. Archaeological sites in this series of blowouts have 
only been recorded from the brown sediments or when these are 
absent, from the surface of the red soil. This suggests that the red soil 
predates human occupation of the area and that the unconformity at 
the junction of the red soil unit and overlying sedimentary units may 
represent a considerable time period.
Ratcatchers Lake is, however, atypical of the lakes in the Teryawynia 
system whose eastern margins are characterised by relatively uneroded, 
low, buff coloured clay lunettes. Most of the recorded sites were found 
on the crest of the clay lunettes. A few occur on the red soil of the 
western side of the lakes and on remnant beach sediments. Others 
were found in dune-like landforms of uncertain origin, associated with 
shallow depressions at the southern end of the lake chain. Despite 
their diverse stratigraphic situations, the 90 sites recorded around the 
Teryawynia Creek overflow lakes represent a relatively short time 
period of between 8000-6000 years BP.
Sites at the southern end of the system are older than those 
upstream, suggesting that high critical input of water into the system 
about 8000 years ago lead to wider occupation of the area and that 
people moved up the chain as the lower lakes became dry.
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4. The existing Darling River channel
In contrast to the ancestral river channel, few sites associated with 
the existing river channel have been recorded. This is partly because 
the modern channel has not been as extensively surveyed but it is also 
true that older sediments are not well-exposed and only recent sites are 
visible. This is reflected in the radiocarbon dates for shell from 
middens associated with the Darling River which are listed in Table 
5.4.
R A D I O C A R B O N  A G E  
Y E A R S  B P
A e o l i a n  s a n d G r e y  f l u v l a t l e  s e d i m e n t s R e d  s o i l
0 - 2 0 0 0 MAL 1 A N U -2 9 9 8  
[9 9 .2 ± 0 .9 % M ]
DW K  3  A N U -2 7 5 7  
[5 8 0 ± 7 5 ]
DW K 1 A N U -2 6 5 1  
(7 1 0 ± 9 0 ]
MAL 5  A N U -3 2 8 9  
[5 5 0 ± 7 0 ]
2 0 0 0 - 4 0 0 0
D E A  1 A N U -3 0 0 5  
[ 2 2 1 0 1 7 0 ]
T A B L E  5 : 4 .  R a d io ca rb o n  a g e s  of m id d en  s i t e s  a s s o c ia t e d  w ith  th e  e x istin g  D arling  R iver c h a n r a »1.
Most of the floodplain of the Darling River is covered with recent 
grey fluviatile sediments although there are a few exposures of red soil 
in cliffs, resembling those on the Talyawalka Creek. The modern river 
channel has less frequent meanders and therefore fewer cliff exposures 
than the ancestral stream. In addition only two source-bordering dune 
accumulation have been recorded. One along the border of the channel 
on Black Gate Station, is an elongate series of low mounds of white 
sand about lm  high. Three middens (MAL 1-3) and several burials 
were found within these deposits. Shell from one of the middens gave 
a modern date and it is assumed that all are of similar age. These sites 
may have been associated with Aboriginal workers on a pastoral 
property, the ruins of which are situated about 300m to the south-west. 
Shell from a second source-bordering dune (WLC 1) near Wilcannia 
gave a date of 15,090 ± 130 (ANU-4318).
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Of the remaining 19 recorded sites on the existing Darling River, 
five were fragmented surface scatters on exposures of red soil and the 
other 14 on occurred grey floodplain silts.
5. Lakes associated with the existing Darling River channel
Lakes associated with the modern river channel include Lake 
Menindee and its overflow lake - Lake Cawndilla, Pamamaroo Lake, 
and Emu, Tandure, Bijiji, Balaka and Malta Lakes. At present these 
lakes fill when the river overflows during floods and, once filled, 
retain their water without any further input for up to two years, before 
they completely evaporate. The lake levels are also lowered after a 
flood through water flowing from the lakes back into the river.
Substantial lunettes border both Lakes Menindee and Cawndilla but 
the rarity of archaeological material, especially shell, within them, 
inhibits the establishment of a satisfactory chronology for their 
stratigraphic sequences. Radiocarbon dates associated with these lakes 
are listed in Table 5.5.
R A D IO C A R B O N  A G E  
Y E A R S  B P
Lake M en indee C aw nd illa  Lake P am a m aro o  Lake
0 - 2 0 0 0
T in d a le /T ed ford  s ite  NZ 6 7  
[ m odern]
T inda le /T ed ford  s ite  NZ 6 8  
[ m odern]
MNL1 A N U -2 9 2 3  
[2 3 0 ± 8 0 ]
CDL1 A N U -2 5 1 9  
[3 4 0 ± 8 0 ]
2 0 0 0 - 4 0 0 0
CD W 1 A N U -2 3 1 2  
[ 3 8 9 0 1 9 0 ]
4 0 0 0 - 6 0 0 0
C D W 3 A N U -3 2 8 8  
[ 4 5 6 0 1 1 2 0 ]
6 0 0 0 - 8 0 0 0
T indale /T ed ford  s ite  N Z 6 6  
[ 6 5 7 0 ± 1 0 0 ]
M NW 2 A N U -9 0  
[6 9 2 0 ± 9 0 ]
PAW 1 A N U -2 5 1 5  
[6 7 8 0 1 8 0 ]
1 8 0 0 0 - 2 6 5 0 0
T inda le /T ed ford  s ite  G aK  3 3 5  
ch a rco a l [1 8 8 0 0 ± 8 0 0 ]
LJ 2 0 4
ch a rco a l [ 2 6 3 0 0 ± 1 5 0 0 ]
T A B L E  5 :5 . R a d io ca rb o n  d a te s  a s s o c ia te d  w ith the  ex istin g  Darling R iver. D a te s  w e r e  o b ta in ed  From sh e ll of the  lake m u sse l  
[ V e l9 S u n io  sp . c f. V. ambiguua 1
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Lake Menindee
Blowouts on the Menindee lunette are shallow and consequently 
older sediments are not well-exposed, although a series of soils in the 
artificial channel between Lakes Menindee and Pamamaroo, indicates 
Lake Menindee's long and ancient history. The only stratigraphic units 
relevant to this project are three that lie below the most recently 
redeposited aeolian sands.
Only one site in the Menindee lunette yielded organic remains 
although elsewhere there are a few scatters of bone, not in 
archaeological context. The productive site was designated MNL 1 and 
is a midden on the upper surface of a palaeosol which consists of red- 
brown, medium-grained, sands, that grade into finer buff-coloured 
sands with carbonate nodules. These buff sediments are exposed in 
blowouts over much of the lunette and most of the archaeological 
material was found on their bare surfaces. Shell from MNL 1 produced 
a recent date of 230 ± 80 years BP (ANU-2923).
A red palaeosol with carbonate nodules lies below the buff unit of 
MNL1 and in turn rests on a bed of grey clay. No archaeological 
material has been recovered from either and it is tempting to correlate 
them with the Tandou and Packer Units of the Lake Tandou lunette. If 
this correlation is correct, the basal buff sands of the upper palaeosol 
are presumably equivalent to the Bootingee Unit. From the lithology 
of the buff-coloured unit at Menindee, and because all the 
archaeological material appears to derive from it, the analogy between 
it and the Bootingee Unit is close. However, the correlation remains 
tentative, in the absence of firm radiocarbon dates from the Menindee 
sequence.
Radiocarbon dates from the Tedford site, situated in an extensive 
blowout at the extreme northern end of the lunette, are difficult to 
interpret. Tindale (1955) recognised 3 units within the section exposed 
in this blowout. The highest (Unit 0) consists of the recently deposited
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aeolian sands. Below this is Layer A which is a bright red silty sand and 
overlies Unit B, consisting of buff-coloured sands with carbonate 
nodules. From petrographic studies Tedford (1967) interpreted Units A 
and B as the A and B horizons of a single palaeosol.
Tindale and Tedford collected in this area and radiocarbon dates 
were subsequently obtained from five of their samples although these 
do not provide reliable ages for the sediments, as it is uncertain that 
any came from in situ material. Fragmented shell (NZ 68), occurring 
on Unit 0 (presumably not in situ), gave a modern date. Samples NZ 66 
and NZ 67 were collected from two different areas on the exposed 
surface of Layer B. The former was dated as 6570 ± 100 years BP and the 
latter as modern. Two samples of charcoal, reportedly collected from 
the same stratigraphic horizon at the contact of Layers A and B 
(Tedford 1967), were also dated. One of these, which had been 
recovered by Tedford in 1958 from a hearth associated with Macropus 
ferragus remains, yielded a date of 26,300 ± 1500 years BP (LJ 204). The 
second sample (GaK-335) was collected by Tindale in 1962 and yielded 
an age of 18,800 ± 800 years BP. It was taken from a concentration of 
charcoal, but Tindale did not state whether or not he believed this to 
represent a hearth. The dates are apparently anomalous, but precise 
locations of the two charcoal samples were not given and it is unclear 
whether the charcoal concentrations were identified in section and 
excavated, or were lying on an exposed surface. There is therefore no 
assurance that either sample is the same age as the sediment that it 
purportedly represents. The relationship between the red soil of Unit A 
and that recorded below the present MNL1 site is uncertain but the two 
may represent the same unit. However, a detailed search of the 
Tindale-Tedford locality during my own investigation failed to recover 
any in situ archaeological material.
Evidence for the oldest dated use of aquatic resources at Lake 
Menindee comes from the western side of the lake, where a shell 
midden (MNW 2) on red soil has a radiocarbon age of 6920 ± 90 years 
BP (ANU-2922). Tindale and Tedford's shell scatter from their Layer B
k
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(6570 ±100 years BP) is of similar antiquity. The hearth recorded by 
Tedford with M. ferragus remains is of course much older ( 26,300 ± 
1500 years BP), but as it contains no aquatic fauna, does not necessarily 
represent exploitation of the lake.
The thick stratigraphic sequence in the Lake Menindee lunette 
indicates the considerable antiquity of that body of water. It may have 
had a complex Pleistocene history, possibly as a terminal drainage lake, 
or linked to an unknown ancestral river. In Landsat imagery no 
palaeochannels can be seen to terminate in Lake Menindee, but today 
water may flow along Cawndilla Creek between Lakes Cawndilla and 
Menindee in either direction (B. Jacobs pers. comm.) and in the past, 
Lake Menindee may have been an overflow lake to Lake Cawndilla. 
There is no available evidence suggesting that Lake Menindee was 
associated with the Talyawalka-Tandou channel and its relationship to 
the Darling River may have been established conjointly with 
development of the existing channel.
Lake Cawndilla.
Evidence from Lake Cawndilla, which now fills from the overflow 
waters of Lake Menindee via Cawndilla Creek, also demonstrates its 
considerable antiquity. There are few archaeological remains on the 
palaeosol exposed on Cawndilla lunette. However, the B horizon of 
this fossil soil outcrops in blowouts and faunal remains recovered on 
its surface represent many species now extinct, including Procoptodon 
sp. and egg shell of Genyornis sp. At the junction of Lake Cawndilla 
with Cawndilla Creek a large accumulation of buff-coloured aeolian 
sand contains burials, hearths and artefact scatters (Aplin et al 1981).
A series of hearths is exposed on, and intruding into, a clay unit 
underlying surface sands of the truncated lunette front. One of these 
hearths contained fish remains representing recent use of the lake. 
Charcoal from this hearth was dated at 340 ± 80 years BP (ANU-2519). 
The remaining sites associated with Lake Cawndilla are exposed on the
90
red sands of the western shore. Dates of 3890 ± 90 years BP (ANU-2312) 
and 4560 ±120 Years BP (ANU-3288) were obtained from shells 
collected at two of these.
Lake Cawndilla's long history is indicated by the extinct fauna 
collected from its lunette and by the presence of an outer, and therefore 
older lunette, which is clearly shown on aerial photographs. The oldest 
dated exploitation of the lake by humans is 4,560 years BP, recorded by a 
midden on its western margin.
Palaeochannels visible on Landsat imagery of the area, indicate Lake 
Cawndilla's possible ancestral function as a terminal drainage lake for 
Barrier Range surface runoff.
Pamamaroo Lake
Little loose sand on the Cawndilla and Pamamaroo Lake lunettes 
reflect their high clay/low sand content. A red-capped calcareous 
palaeosol has been exposed by sheet-erosion on Pamamaroo Lake's 
eastern margin but, here, there are no archaeological or 
palaeontological remains, apart from scattered hearth stones. However, 
middens and hearths were found on the red sand along the lake's 
western margin. Shell from one of these (PAW 1) has a radiocarbon 
age of 6,780 ± 80 ANU-2515.
Lakes Tandure,  Bijiji, Balaka and Malta.
Exposures along the eastern margins of lunettes associated with 
these four lakes are similar to that of Lake Pamamaroo and also consist 
of red-capped palaeosols. No middens were recorded from the margins 
of these lakes although scattered hearth stones surround all of them. A 
few isolated artefacts are also present and a large scatter, including 
geometric microliths, was recorded from a sand accumulation at the 
northwestern corner of Lake Malta. This indicates an Aboriginal 
presence, during the last 4,000 years at least.
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Discussion
I
Radiocarbon evidence presented here is consistent with the view of 
Bowler et al (1978) that the existing Darling River channel replaced the 
Anabranch system during the early Holocene. However, it also implies 
that the ancestral channel may have been active a little later than 
Bowler and his co-authors have suggested.
All the lakes show features that indicate their great antiquity and 
seem, from the apparent palaeochannels that show in Landsat photos, 
to represent an ancient terminal drainage system. There are no 
remains which are unequivocally archaeological in the oldest 
sediments of the lunettes, which probably represent deposits associated 
with this older system. Human use of the lakes seems to be concurrent 
with the subsequent phase of lunette development, which followed 
modifications to the river channel, and the creation of lake chains that 
functioned as overflow basins.
At Lake Tandou the oldest middens occur from sediments at the 
base of the Bootingee Unit. The oldest date for shells from this 
stratigraphic horizon is 26,900 ± 590 years BP and others range from 
22,050-26,900 years BP. The radiocarbon date from a similar 
stratigraphic level at Lake Nitchie is 23,350 years BP and so falls within 
the same range. Thus the hydrological changes noted at Lake Tandou, 
and beginning about 27,000 years ago, were probably affecting all the 
anabranch lakes simultaneously. Shell fragments (which may be 
archaeological) dated to about 34,000 years BP are also present in sandy 
sediments beneath the Tandou Unit exposed at the southern end of the 
lunette. The Tandou Unit therefore represents a period of stability of 
about 7,000 years. The sediments above the Kinchega Unit may 
represent the initial formation of the anabranch channel which Bowler 
et al. (1978) placed at about 20,000 years BP. An older river channel 
probably existed as Bowler et al. (1978) have demonstrated that 
floodplain sedimentation occurred at Tilpa, about 250km north-east of
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Menindee, as early as about 36,000 years ago. However, the position of 
the river channel to which these relate is unknown.
The youngest shell date for a site associated with water in the 
ancestral channel is 9380 ±130 years BP (TWH 1) on Talyawalka Creek 
and the youngest date for its associated lakes is 11,500 ± 90 at Kangaroo 
Lake. The oldest date for the existing Darling channel is 6,920 ± 90 years 
BP on Menindee Lake and the obvious first assumption is that the 
present day Darling channel was established sometime between about 
7,000-9,000 years ago. An apparent anomaly is created by the three dates 
obtained from sites on the ancestral channel near Menindee and 
Wilcannia, one of which is modern and the other two ränge from 
2,380-3,220 years BP. The two older dates are from Talyawalka Creek 
and the youngest from the Anabranch. Both these systems act, at times, 
as overflow channels to the existing Darling channel, so that isolated 
Holocene dates are not unexpected, especially when the three sites are 
all at points close to anabranch junctions with the Darling River - areas 
most likely to fill when the Darling River is in flood. A fourth 
anomalous date is the 16,000 year old date from shell collected within 
the source-bordering dune on the Darling River near Wilcannia (WLC 
1). This locality, however, is at a distinctive point in the system, where 
the modern and anabranch channels are close together, constricted into 
a narrow passage between bedrock outcrops. It is likely that the older 
channels may have run into the present Darling course at that time.
It is the absence of aquatic sites older than 7000 years BP, in 
association with the existing Darling channel, that is of critical 
significance. This date establishes a minimum age for the present river. 
The avulsion event that initiated the modern Darling River channel 
therefore began sometime after about 9,000 years BP and was 
substantially complete by 7,000 years BP. As the lakes belonging to , 
Teryawynia Creek are associated with the anabranch system, the 
substantial number of radiocarbon dates between 8,000 and 6,000 years 
BP may indicate an increase in water intake above the capacity of the 
ancestral channel and suggests that the date of regional avulsion must
have been closer to 7,000 than 9,000 years BP. The new radiocarbon data 
therefore generally sustain but refine the estimate of Bowler et al.
(1978) that these events began about 10,000 years BP.
Bowler et al. (1978) suggested that the underlying cause of the 
transition was loss of efficiency of the mature ancestral channel with 
its pronounced sinuosity and reduced channel gradient. This system 
was sufficient to carry the water load at the end of the Pleistocene and 
during the early Holocene but could not sustain the higher input of the 
present hydrological regime. Bowler et al. (1978) concluded this 
regional avulsion took place about 10,000 years ago from two lines of 
evidence:
(1) Extrapolation from three radiocarbon dates obtained from 
sediments associated with Acres Billabong, a section of anabranch 
channel near Tilpa. The youngest of these was 11,240 ± 200 years BP 
and, by assuming constant rates of sedimentation, they estimated that 
ultimate deposition in the ancestral system occurred about 10,000 years 
ago.
(2) More abstract arguments based on their interpretation of the 
mechanism that brought about rejuvenation of the Darling system. 
This, they believe, was triggered by the onset of higher precipitation 
and the establishment of a climatic regime wetter than that prevailing 
to-day.
Previous sedimentological studies at Lake Torrens (Williams 1973) 
had suggested higher stream discharge and thus greater rainfall 
intensity between 12,000 and 5000 years BP. Additional supporting 
evidence cited by Bowler and his co-authors was based on palynological 
studies in northwestern Queensland (Kershaw 1975) and by Dodson 
(1974a) in south-eastern South Australia.
However, both Dodson's and Kershaw's data as well as other, more 
recent, palynological evidence indicate that a significant increase in
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precipitation probably did not occur until a little after 10,000 years BP. 
The sequence studied by Dodson came from Lake Leake a crater lake in 
southeastern South Australia. The relevant conclusion of Dodson 
(1974a: 734) was as follows:
"Before 9000 BP the Leake crater contained shallow freshwater 
swamp; after that time, however, the water level rose and a lake was 
formed. The filling process continued until the greatest depth was 
reached between 6900 and 5000 BP."
The increase in rainfall during the Holocene suggested by Kershaw's 
(1975) pollen records from sedimentary sequences in volcanic craters 
on the Atherton Tablelands, northeastern Queensland, also seems to 
have occurred between 9,500 and 6,000 years ago. Earlier deposition of 
organic sediments are recorded at Bromfield Swamp as 10,630 years BP 
(ANU-714) but somewhat later at Kershaw's other two collection sites 
Lake Euramoo which produced a date of 9,700 BP (GaK-2024) and 
Quincas crater which produced a date of 7,250 BP (GaK-2519).
There are now much stronger arguments for a wet phase during the 
early Holocene. Pollen records from Lake Bullernerri and Lake 
Keilambete, two volcanic lakes in western Victoria, provide evidence 
for higher rainfall between 8,500 years BP and 5,000 years BP (Dodson 
1979). At Lake Keilambete the maximum precipitation appears to have 
occurred between 6,500-5,000 years BP (Dodson 1974b). This high water 
level phase at Lake Keilambete is supported by ostracod studies (De 
Deckker 1982) which demonstrate that the highest Holocene levels for 
3 major south-eastern Australian lakes (including Lake Keilambete) 
were attained between 6,400 and 5,700 years BP. In at least two of these 
lakes Holocene water levels were lower before 8,300 years BP.
Other palynological evidence supporting higher levels of 
precipitation in the mid-Holocene includes pollen spectra from 
southeastern Australia (Dodson and Wilson 1975). Here the record 
from Blue Tea Tree Swamp indicates a wet phase between 8,620-5,200
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years BP and a change in sedimentation from clay to peat at about 8,500 
years BP in Marshes Swamp is taken to mark the onset of a more 
hum id climate. Pollen records from the now semi-arid region at Lake 
Frome (Singh 1981) imply dry conditions between 8,000 and 7,000 years 
BP succeeded by a wet period from about 6,900 to 5,000 years BP. 
Unpublished palynological studies at Lake Tyrell by J. Luly (pers. 
comm.) also indicate a high water phase about 7,000 years ago.
Even at Lake George, a large internal drainage basin about 40 km 
north of Canberra, secondary effects of a high water Llolocene phase are 
visible. According to Coventry (1976) abandoned shorelines indicate 
that the Lake George surface was at a low level between 15,000 and 
8,000 years ago, but that higher water levels produced the white beaches 
dated at about 7,500-5,700 years BP.
From the preceding summary, it is clear that there is now ample 
substantiation, from a variety of sources, that wetter climates 
characterised wide geographic regions of eastern Australia during the 
early to mid-Holocene.
Summary of interpretation of chronological data
Radiocarbon dales from all the archaeological sites containing 
aquatic fauna are listed in Table 5.6 at the end of this chapter. The 
chronological (Figure 5.1) and geographical distribution (Figure 5.6) of 
these sites are explicable in terms of the past history of the hydrology of 
the region.
Although the age of lakes in the lower Darling River region is 
unknown, palaeochannels, detected in Landsat imagery and aerial 
photos, suggest that, before their association with either of the two 
known Darling River channels, they acted as terminal drainage basins, 
similar to those described from the same general region by Dury (1973). 
Alternatively they may have been associated with, as yet
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undocumented, ancient water channels. The dates obtained by Hope 
on shell from sediments apparently underlying the Tandou Unit 
indicate that Lake Tandou at least received water from at one or both of 
these alternative sources about 35,000 years ago.
The lack of unequivocal archaeological material older than 27,000 
years BP does not necessarily indicate that human occupation of the 
lower Darling River region post-dates that time. It may simply reflect 
the absence of suitable preservational environments, normally 
provided by active dune formation. However, if the region was 
populated before about 36,000 years ago, their exploitation of resources 
and general mobility must have been very different, in the absence of 
an active lake and river system.
Activation of the anabranch system, which represented the older 
course of the Darling, occurred shortly before 27,000 years BP. Well- 
developed soils in sequences within pre-existing lunettes along lakes 
which became associated with this ancestral channel indicate, that 
prior to this date, there was a period of stability .
In the interval from 27,000 to about 9,000 years BP, rivers and lakes 
of the ancestral system were subject to sporadic periods of flooding and 
low water phases. These apparently erratic fluctuations in water levels 
are indicated by non-continuous dune deposition, which explains the 
clustering of ages of dune sites, which require rapid sedimentation for 
their preservation. These depositional intervals correlate between 
lunettes of different lakes and between different source-bordering 
dunes and it is clear that the whole system experienced similar 
conditions at the same time.
Non-dune sites associated with the ancestral channel found on red 
soil along Talyawalka Creek are also restricted to a narrow time 
interval (14,000-12,000). This can possibly be explained by a change in 
the rate of river discharge. If the river discharge before 14,000 years ago 
was high, the sandplain edge, where archaeological remains were left,
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may have been continually removed. When discharge dropped after 
this time, the river cut a new, narrower channel inside the red plain 
edges so that the sandplain was no longer eroded. The oldest sites 
therefore date the drop in river discharge. Supporting evidence for this 
explanation is that the accumulation of source-bordering dunes on the 
river side of the sandplain edge (TWH 1, GLP 1, SWH 1, TRA 1 and 
KGE 1) appears to begin at about the same time (15,000 years BP).
Regional avulsion, leading eventually to the development of the 
existing Darling River channel, occurred between 9,000-7,000 years ago. 
High water levels from about 8,000-6,000 years BP are indicated by the 
abundance of sites of this age at the Teryawynia Lakes. These may 
signify an increase in water intake beyond the capacity of the ancestral 
channel and herald development of the existing Darling River 
channel. Although the stratigraphy is more complex, and its 
interpretation less secure, for lunettes of lakes related to the existing 
channel, the oldest dates for sites containing aquatic fauna associated 
with the modern channel are about 7,000 years BP. From this it is 
inferred that the present Darling River replacing the ancestral channel 
as the main waterway at that time.
Late Holocene floodplain sedimentation along the Darling River 
makes it difficult to find younger sites associated with the modern 
channel. Some dates are nevertheless available from the sites adjacent 
to the channel and these, in conjunction with those from associated 
lakes, indicate constant exploitation of the river's resources during the 
past 7,000 years.
99
SITE L A B O R A T O R Y R A D IO C A R B O N  A G E P R E C IS IO N
N U M B E R (Y E A R S BP)
S O U R C E -B O R D E R IN G  D U N E S
M A L 1 + A N U -2 9 9 8 99.2 0 .9%
T M C ll* A N U -3 0 0 7 3220 ± 80
N A L 6 # A N U -2 9 9 5 7380 ± 100
K L L 1 # A N U -2 9 2 5 7930 ± 110
T W H  1* A N U -2 8 2 6 9380 ± 130
S W H  1* A N U -2 8 2 2 13020 ±140
T R A  1* A N U -2 9 9 6 13450 ± 190
W L C 1  + A N U -4 3 1 8 15090 ±130
K GE 1* A N U -2 5 1 6 15250 ± 170
A V O N  1* A N U -2 5 1 7 16100 ± 180
L U N E T T E S
T in d a l e /  
T e lfo rd  S ite  ® N Z -6 7 M O D E R N
■
T in d a l e /
T e d  fo rd  Site® N Z -6 8 M O D E R N
M N L 1 ® A N U -2 9 2 3 230 ±80
C D L 1  ® A N U -2 5 1 9 340 ±80
T in d a l e /  
T e d fo rd  S ite  ® N Z -6 6 6570 ±100
SA L  7^ A N U -2 6 4 8 7200 ±110
W A T  3** A N U -2 7 5 9 7330 ± 100
SA L 8 # A N U -2 3 0 8 7400 ±100
SA L  4^ A N U -2 7 6 0 7510 ± 100
R A T  7 n A N U -2 6 5 0 7610 ±120
K AL 12* A N U -3 0 1 3 11500 ±90
K A L I * A N U -2 3 1 1 12250 ±210
K A L 10* A N U -3 0 1 2 13600 ±160
T A B L E  5.6 R a d io c a rb o n  a g e s  fro m  sh e ll m id d e n s  in  th e  lo w e r  D a rlin g  B asin  sh o w in g  th e ir  
g e o m o rp h o lo g ic a l d e r iv a tio n . [C o n tin u e d  o n  fo llo w in g  p ag e].
* P le is to c e n e  D a r lin g  c h a n n e l + P re s e n t D a rlin g  R iv e r c h a n n e l
• L ak es  a s s o c ia te d  w ith  th e  a n c ie n t c h a n n e l © L ak es  a s s o c ia te d  w ith  th e  p re s e n t
# T e ry a w y n ia  C re e k  la k e s  D a r lin g  R iv e r  c h a n n e l
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SITE L A B O R A T O R Y R A D IO C A R B O N  A G E P R E C IS IO N
N U M B E R (Y E A R S B P)
LU N E TT E S [C o n tin u ed !
T N L 3 0  * A N U -2 3 0 9 14850 ± 190
M e r r i l e e s /
T a n d o u  S ite ’ S U A -1 8 0 5 15210 ± 160
T N L 8 ’ A N U -2 3 1 3 15450 ± 240
T N L  3 8 ’ A N U -3 0 0 2 15550 ± 180
T N L 6 * A N U -2 7 5 5 16100 ±180
K A L 2* A N U -2 5 0 2 17050 ± 340
K A L 3 ’ A N U -2 5 0 3 17300 ± 190
T N L  2 0 ’ A N U -2 3 0 7 22050 ± 440
M KG 2* A N U -3 0 0 8 23360 ± 750
T N L  34* A N U -2371 24050 ±500
T N L  2 8 ’ A N U -2161 24100 ± 400
T N L  36* ANU-3ÜÖ1 24650 , ±600
T N L  9 ’ A N U -2 3 1 4 25800 ± 500
T N L  35* A N U -2 7 5 4 25920 ± 560
T N L  15 ’ A N U -3 0 0 0 26900 ±590
D ip ro to d o n
lo c a lity * A N U -3 5 0 8 34200 • ±850
D ip ro to d o n
lo c a lity * A N U -3 5 0 7 34700 ± 900
D ip ro to d o n
lo c a l ity * A N U -3 5 0 9 36000 ±1100
R ED  S O IL  P L A IN
M A L  5+ A N U -3 2 8 9 550 ±70
D E A 1 + A N U -3 0 0 5 2210 ± 70
C O W  1* A N U -2 8 2 1 2380 ±90
C D W  1® A N U -2 3 1 2 3890 ±90
T A B L E  5.6 [C o n tin u e d ]  R a d io c a rb o n  ag e s  fro m  sh e ll m id d e n s  in  th e  lo w e r  D a rlin g  B asin
sh o w in g  th e ir  g e o m o rp h o lo g ic a l d e r iv a tio n . [C o n tin u e d o n  fo llo w in g  p ag e ).
*  P le is to c e n e  D a r lin g  c h a n n e l + P re s e n t D a r lin g  R iv e r c h a n n e l
• L ak es  a s s o c ia te d  w ith  th e  a n c ie n t c h a n n e l @ L ak es  a s s o c ia te d  w ith  th e  p re s e n t
# T e ry a w y n ia  C re e k  la k e s D a r lin g  R iv e r c h a n n e l
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SITE L A B O R A T O R Y R A D IO C A R B O N  A G E P R E C IS IO N
N U M B E R (Y E A R S BP)
R ED  SO IL  P L A IN  [C o n tin u e d ]
C D W  3® A N U -3 2 8 8 4560 ± 120
W A T 6 # A N U -2 8 2 5 5940 ±80
G L P  5* A N U -2 7 5 6 5960 ± 110
W A T 1 # A N U -2 7 5 8 6720 ±100
P A W  1® A N U -2 5 1 5 6780 ±80
M N W  2® A N U -2 9 2 2 6920 ±90
S N K  3 # A N U -2 8 2 0 7080 ±130
N A L 2 # A N U -2 7 6 2 7350 • ± 110
B B L 7 # A N U -3 0 0 9 7390 ±100
g l p T A N U -2 8 1 8 11350 ± 190
G EM  1* A N U -2 8 2 3 12200 ±140
T N C  r A N U -7 0 2 12350 ±170
K A W  r A N U -2 8 1 9 13250 ± 160
T M C  10* A N U -2 8 2 4 13530 ± 130
T N C  2* A N U -3 0 0 3 13550 ± 160
T N C  7* A N U -3 0 0 4 13550 ±140
D E A  4* A N U -3 0 0 6 13840 ±160
G REY  FL U V IA TILE  S E D IM E N T S
T R A  2* A N U -2 9 9 7 105.5 1.0%
D W K  3 + A N U -2 7 5 7 580 ±75
D W K  1 + A N U -2 6 5 1 710 ±90
B E A C H  D E PO SIT S
W A T  2^ A N U -2 7 6 1 6950 ± 150
W A T  2 6 # A N U -2 9 9 9 7150 ±100
R A T 9 # A N U -3 0 1 1 7170 ±100
R A T 1 # A N U -9 4 9 7170 ±110
R A T 1 # A N U -3 0 1 0 7440 ±100
R A T 7 # A N U -2 6 5 0 7610 ± 120
T N W  r A N U -3 8 1 7 12990 ± 140
T A B L E  5.6 [C o n tin u e d ]  R a d io c a rb o n  ag e s  fro m  sh e ll m id d e n s  in  th e  lo w e r  D a rlin g  B asin  
s h o w in g  th e ir  g e o m o rp h o lo g ic a l d e r iv a t io n .
* P le is to c e n e  D a r lin g  c h a n n e l + P re s e n t D a r lin g  R iv e r c h a n n e l
• L a k e s  a s s o c ia te d  w ith  th e  a n c ie n t c h a n n e l @ L ak es a s s o c ia te d  w ith  th e  p re s e n t
tt T e ry a w y n ia  C re e k  la k e s  D a rlin g  R iv e r c h a n n e l
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Chapter 6
THE ARCHAEOLOGICAL SITES
Discussion of the archaeology of the lower Darling River system is 
divided into four sections, treating in turn the four time intervals, 
discussed in Chapter 5, that are represented by faunal remains. These 
cover the period beginning about 27,000 years ago and, although the 
phases are of unequal length, they provide a convenient basis for 
chronological sub-division as they also group the material 
geographically. Intervening intervals that are barren of dated 
archaeological remains will not be further discussed. The four 
chronological divisions are:
1) 27,000 to 22,000 yrs BP - All the material representing this 
time phase derives from the base of the Bootingee Unit in 
the Lake Tandou lunette section.
2) 18,000 to 9,000 yrs BP - Material of this interval was 
recovered from within the Bootingee Unit in the Lake 
Tandou lunette and from source- bordering dunes, 
associated with the ancestral channel of the Darling River.
3) 9,000 to 5,000 yrs BP - The existing Darling River channel 
developed from the ancestral course during this period. 
Representative archaeological sites were recorded mainly 
from lunettes, beaches and from red soils related to the 
Teryawynia Creek system.
4) 5,000 yrs to the present- All these more recent 
archaeological sites occur in association with sediments 
adjacent to the channel of the present Darling River.
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The discussion that follows is a synthesis of data from many sites. 
Detailed information on the location of these, their stratigraphy and 
the archaeological remains collected from them, is set out in Appendix 
2 .
1. 27,000 to 22,000 years BP.
Stratigraphic position of the sites.
During this time the major Darling River flowed in its ancestral 
channel. Radiocarbon dates on freshwater mussels (Velesunio sp. cf.
V. ambiguus ) from seven sites from sediments at the base of the 
Bootingee Unit, in the Lake Tandou lunette, fell within this interval, 
and a further 25 sites were recorded from the same locality and 
stratigraphic horizon. The only other reliably dated material from the 
interval in the lower Darling region came from a site at Lake Nitchie.
It was collected from a stratigraphic horizon analogous to that of the 
the Tandou sites, as it rests on the surface of a grey nodular carbonate 
layer at the base of a red palaeosol which underlies an upper buff- 
coloured sand.
Although most of the material from Lake Tandou derived from the 
Bootingee Unit close to its contact with the Tandou Unit, in situ 
remains are also found above this junction, to a height 30cm above the 
palaeosol surface. Dates on shell from all sites at the contact and in the 
lower part of the Bootingee Unit fall in the range 22,050 ± 440 (TNL 20) 
to 26,900 ± 590 (TNL 15).
The obvious explanation, that these remains were preserved by 
rapid sedimentation, seems to conflict with the observation that about 
5,000 years is represented by only 30 cm of sediment, which contain the 
most abundant archaeological remains in the lunette’ Sedimentation 
within lunettes is undoubtedly a complex process, the mechanisms of 
which are not fully understood. It is almost certainly characterised by
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constant reworking and redeposition, resulting in a fragmented 
stratigraphic record. As a result only organic material that remains 
covered, at least to a shallow depth, is preserved for long.
The condition of the sites.
Since the recorded archaeological sites had been exposed through 
erosion of their enclosing sediments, their condition varied greatly. In 
general, the degree of fragmentation and dispersal of their organic 
remains was taken as a guide to their degree of disturbance. The rate of 
a site's exposure and subsequent degradation varies, depending on 
climate and its position within the lunette. It is clear, however, that 
changes in the appearance of the archaeology on the lunette can be 
rapid. In the three years between Hope and McIntyre's surveys in 1979 
and my own in 1981, new sites were exposed (TNL 36-41) and others 
changed in surface appearance. Sites TNL 15 and TNL16 were recorded 
as two distinct shell mounds by Hope and McIntyre, but by 1981 further 
shells were exposed between the mounds suggesting that the two sites 
represented a single midden. The exposed surface material of the 
Major Swale Perch Site (TNL 20) was completely collected by Hope and 
McIntyre in 1979 but, by 1981, erosion had exposed additional remains 
over the whole area of the site.
Before interpreting data from a particular archaeological site it is 
necessary to assess whether its contents are all of the same age. The 
synchrony of materials within a site depend virtually entirely on its 
degree of disintegration. Extraneous remains, of either archaeological 
or natural origin, are more likely to be incorporated in sites that have 
been subject to prolonged exposure, or significant stratigraphic transfer 
by erosion and ablation. All blowouts within the Tandou lunette 
contain faunal material. In general, the greater the thickness of the 
eroded section, the more plentiful the remains. In particular they are 
concentrated on exposures of the resistant surface of the Tandou Unit. 
Only those sites that were definable by coherent boundaries or were 
clearly referable to a well-defined stratigraphic horizon were recorded.
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Thus general surface scatters over the surface of the deepest parts of 
the blowout were not classified as sites, although they were sometimes 
collected to provide additional information on the fauna.
Appearance of the archaeological sites
Most of the sites were visible as concentrations of organic matter at 
the lake side of the lunette where the contact of unconsolidated buff- 
coloured sands of the Bootingee Unit and the indurated surface of the 
red Tandou Unit are exposed. The locations of these sites in relation to 
the section exposed in the lunette is shown in Figure 6.1.
Sites where molluscs were the principal component of the faunal 
assemblage were immediately visible because of the strong contrast 
provided by the shell fragments. Those in which crustacean and 
vertebrate remains predominated were less easily seen from a distance, 
but at closer quarters were readily identifiable from the general 
background faunal scatter by the better preservation and relatively 
narrow spatial concentration of their in situ remains.
Only apparently intact sites, in which the synchrony of the various 
archaeological remains could be reasonably inferred, were excavated. 
For purposes of comparison, collections of organic remains were made 
over two 5 areas on the upper surface of the Tandou Unit in one 
blowout, where the faunal remains were exceptionally rich. This was 
recorded as TNL 41. The collections were made in order to judge 
which species were elements of the natural lunette fauna and 
therefore likely occur in a collection, whether or not it also contained 
an archaeological component. For the same reason samples were also 
collected within a 10m x 6m grid at the Shell Date site (TNL 28), from 
an area of dispersed material considered to have a large archaeological 
component, because of its high content of fish otoliths .
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Contents of the sites.
From the faunal lists in Appendix 2, it can be seen that most of the 
sites representing this earliest time period are middens, in which 
shells of the bivalve Velesunio ambiguus predominate. At only four 
archaeological sites were fauna other than shellfish dominant. These 
were the Major Swale Perch site (TNL 20), the Shell Date site (TNL 28) 
and the Casuarina North site (TNL 36), where Golden Perch 
(Macquaria ambigua ) was the main species representecjl and the Yabbie 
Kill site (TNL 31) where freshwater crayfish (Cherax destructor) was 
the most abundant. These sites and the Frog Kill site (TNL 34), where 
the mollusc Velesunio ambiguus was the principal species 
represented, were all excavated.
Excavations.
TNL 36 - Casuarina Ridge North.
Figure 6.2 shows the location in plan of the small residual of the 
Bootingee Unit in which site TNL 36 occurs.
An exposed section of the archaeological deposit at this site showed 
that it contained principally fish remains. It was thus assumed to 
represent virtually uncontaminated cultural material, and provided 
an ideal opportunity to examine questions relating to late Pleistocene 
fishing in the region. The residual in which the remains were 
preserved was eroding and the excavation was performed soon after 
the site's discovery, so that as many of the in situ remains as possible 
could be collected. A radiocarbon determination from shell excavated 
from the site gave a date of 24,650 + 600 years BP (ANU-3001).
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N
residual
Excavated area
In situ material 
exposed within 
residual
Extent of faunal scatter
Tandou Unit
residual
Lake shore
Bootingee UnitClay hearthstones
Plan
Charcoal rich band containing faunal remains
Residuals
Bootingee Unit
Tandou soil unit
Sect i on
Figure 6.2 Section and location in plan of a residual of Bootingee 
sediments containing the Casuarina Ridge North site (TNL 36).
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The residual rests on the upper surface of the exposed Tandou Unit 
on the lake side of the lunette. It is surrounded by a scatter of fish bone 
indicating that the site was more extensive in the past. A charcoal and 
bone-rich horizon could be seen within the residual, about 30 cm 
above the contact with the Tandou Unit. A section illustrating these 
stratigraphic relationships is also shown in Figure 6.2.
Excavation was carried out within the grid shown in Figure 6.2, 
keeping the remains from each square metre separate., Before 
excavation, all the surface material on the residual was collected by 
sweeping. The faunal remains recorded after sieving is listed in Table 
6.1. A list of the vernacular names and status of all the fauna discussed 
in this thesis is provided in Appendix 1.
Excavation was in 5 and 10 cm spits and in each square metre, 
excavation continued until the upper surface of the Tandou Unit was 
exposed. This surface dips to the east at 5°. Plate 6.1 shows the 
excavation in progress. This photograph was taken from the crest of 
the lunette looking towards the lake. The red Tandou unit is exposed 
at the level at which the people are walking.
J
The bone-bearing deposit within each excavated square varied in 
thickness and averaged about 20 cm. In plate 6.2 this bone bearing unit 
can be seen as a patch of charcoal in the unexcavated squares at the top 
of the picture.Table 6.2 lists the species present in the excavated deposit 
for each m^ collected.
The species represented in each of the excavated squares is similar
I
although the comparatively high numbers of Golden Perch 
(Macquaria ambigua) otoliths in Square D6 indicates that this may be 
close to the centre of the original deposition area of the midden. >
B IVALVIA
Velesunio ambiguus
ARTHROPODA
CRUSTACEA
Che rax destructor
VERTEB RATA
PISCES
Macquaria ambigua 
Maccullochella sp. 
Bidyanus bidyanus
REPTILIA
Agamidae
AVES
Dromaius [Emu]
MAMMALIA
Macropodidae
macropod sp. indet. 
Bettongia sp.
Peramelidae [bandicoots] 
peramelid sp. A
Mac rot is lagotis
Rodentia
Muridae
Rattus sp. 
Leporillus sp. 
Conilurini
64g of shell fragments.
8 gastroliths, carapace.
282R and 282L otoliths. 
1R and 2L otoliths.
1 otolith.
2 dentary fragments.
76 eggshell fragments 
(some charred).
phalange
molar and premolar fragments.
dentary fragment, 2 maxillary fragments 
and a scapular fragment.
2 molars
isolated teeth, postcranial fragments.
4R and 1L maxillary fragments, 
maxillary fragment.
6R dentary fragments.
TABLE 6.1. Fauna recovered from surface sweepings at site TNL 36.
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Plate 6.1 The Casuarina Ridge North site. The photograph was taken from the crest 
of the lunette looking towards the lake.
Plate 6.2 Western end of the excavation of the Casuarina Ridge North site. The
Tandou soil is exposed in the front excavation squares and srchacological 
material is visible as a charcoal patch in the uppermost squares.
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S Q U A R E  N o . F A U N A L  M A T E R IA L I D E N T I F I E D  R E M A I N S
D 1 B ivalve:
V e ie s u n io  am b igu us  
Fish:
4  frag m en ts
M a cq u a ria  am b igu a  
R at kan garoo:
6 R  a n d  4L  oto liths
B e tto n g ia  sp . m o la r frag m ent
U n id en tifia b le  b o n e : 1 2 g
D 2 B ivalve:
I
V e ie s u n io  a m b ig u u s
Fish:
5  frag m en ts
M a cq u a ria  am b igu a 1 0 R  a n d  16L  oto liths
U n id en tifia b le  b o n e: 2 2 g
D 3 B ivalve:
V e ie s u n io  a m b ig u u s  
Fish:
1 frag m e n t
M a cq u a ria  am b igu a  
Bird:
5 R  a n d  9L  oto liths
A n a s  sp . h u m e ru s  frag m e n t
U n id en tifia b le  b o n e : 2 2 g
D 4 N o t co llec te d
D 5 B ivalve:
V e ie s u n io  a m b ig u u s  
C ru sta c e an :
3  frag m e n ts
C h e ra x  d e s tru c to r
Fish :
* 2  c a ra p a c e  frag m ents
M a cq u aria  am b igu a - 9 R  a n d  1 3L  oto liths
U n id en tifia b le  b o n e : 1 8 g
D 6 B iva lve:
V e ie s u n io  am b ig u u s
Fish:
1 2  frag m e n ts
M acq u a ria  am b igu a 2 6 R  a n d  2 9 L  oto liths
U n id e n tifia b le  b o n e : 3 0 g
E 1 B iva lve: •
V e ie s u n io  a m b ig u u s
Fish:
1 frag m en t
M a cq u aria  am b igu a 2 R  oto liths
U n id en tifia b le  b o n e: 8 g
T A B L E  6 : 2 .
1
F a u n a l e le m e n ts  re p re s e n te d  In e x c a v a te d  s ed im en ts  in eac h  s q u a re  m etre  c o llec te d  
at S ite  T N L  3 6 . [C o n tin u e d  on fo llow ing p ag e ]
S Q U A R E  N o . F A U N A L  M A T E R IA L I D E N T I F I E D  R E M A I N S
B ivalve:
ve iesun io  ambiguus 5  frag m e n ts
Fish:
E 2 Macquaria ambigua 4 R  a n d  4L  otoliths
U n id e n tifia b le  bo n e: 6 g
B ivalve:
Veiesunio am biguus i 1 frag m e n t
Fish:
E 3 Macquaria ambigua 1 R a n d  2L  oto liths
U n id en tifia b le  b o n e: i g
B ivalve:
Veiesunio ambiguus 15  fra g m e n t
E 4 Fish :
Macquaria ambigua 8 R  a n d  5L  otoliths
K a n g a ro o :
In d e te rm in a te  m acropo d tail verteb ra
U n id e n tifia b le  b o n e : 2 g
B ivalve: •
Veiesun io  am biguus 1 frag m e n t
E 5
Fish :
Macquaria ambigua 8 R  a n d  7 L  otoliths
U n id e n tifia b le  b o n e : 1 8 g
B ivalve:
J
Veiesunio am biguus 6  frag m e n ts
E 6 Fish :
Macquaria ambigua 3 R  a n d  8L  oto liths
U n id en tifia b le  b o n e: 1 0 g
B ivalve:
Veiesun io am biguus 2  frag m e n ts
E 7 Fish :
Macquaria ambigua 1 R a n d  2L  otoliths
U n id en tifia b le  bo ne: 2 g
1
T A B L E  6 : 2  ( c o n t i n u e d ) .  Faunal elem ents represented in excavated  sediir e n ts  in each  square m etre collected
at S ite  T N L  3 6 . 1
originally deposited it consisted of an isolated heap of food refuse, 
composed almost entirely of debris from Golden Perch.
The presence of large numbers of fish remains in the surface 
sweepings suggests an archaeological source. Their location on a 
surface which, by extrapolation from less eroded parts of the residual, 
would have been stratigraphically (0-30cm) beneath the archaeological 
lens visible within the residual, further suggests that they probably 
derive from the same midden (TNL36).
Otoliths are the best-preserved fish remains. By pairing these, and 
making allowance for different sizes of the otoliths, a fötal of 357 
Golden Perch (Macquaria ambigua ) and 3 cod (Maccullochella sp.) are 
represented in the site. The site is therefore dominated by a single 
species with only small amounts of shell and isolated fragments of 
other species. The difference between Tables 6.1 and 6.2 clearly 
indicates the contribution of non-cultural material to the surface 
collection. Apart from a single macropod bone, skeletal material of 
mammals was confined to surface deposits which had been exposed 
for some time. This suggests that these mammals are not of cultural 
origin, as they are all species which would be expected to occur 
naturally on the lunette. When the archaeological material was 
originally deposited it consisted of an isolated heap of food refuse, 
composed almost entirely of debris from Golden Perch.
TNL 34 - The Frog Kill Site
This site was excavated by Hope and McIntyre in December 1979. 
Although named because of the presence of frog remains the most 
common species represented is the mollusc Velesunio ambiguus. 
Shell from this species gave a date of 24,050 ± 500 (ANU-2371) for the
I
site. Fauna was retained from sieved sediments collected by sweeping 
the exposed surface within a 4m grid. A concentration of in situ 
charcoal and charred shell fragments within one of these squares (IS 
2W) was identified as a hearth and after it was drawn in plan, 6 x 
20cm2 bulk samples were collected to a depth of 10 cm. None of the 
mammal bone from the collected surface sweepings was charred and 
their association with the hearth must remain in doubt.
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TNL - 20 The Major Swale Perch Site
The Major Swale Perch Site was first recorded by Hope and McIntyre 
in 1979 within a blowout named Major Swale. It was visible as a 
surface concentration of shell, on the sandy sediments of the 
Bootingee Unit close to its contact with the Tandou Unit. During their 
field trip, Hope and McIntyre collected surface material from 21 square 
metres within a 7m x 6m grid placed over the entire exposure. This 
was done by sweeping the surface with a hearth brush, sieving the 
sweepings and bagging separately the remains collected from each 
Hope and McIntyre excavated one of these square metres, which 
contained a concentration of charcoal, to a depth of 10 cm.
In 1981, during surveys associated with this present project, it was 
apparent that the site had been further eroded. It was therefore decided 
to excavate the remaining material to compare it with that previously 
collected, and also because previous results indicated that this was the 
only known site, representing the 27,000-22,000 year interval, that 
contained significant numbers of more than one species. Radiocarbon 
from shell collected at TNL 20 gave a date of 22,050 ± 440 years BP 
(ANU-2307).
The east-west grid system of Hope and McIntyre was extended by 18 
m^ to cover newly exposed remains. Because the sediments of the 
Bootingee Unit were thin at this locality, the site was excavated using 
the same methods as Hope and McIntyre, although in each square the 
area was swept until the red indurated surface of the Tandou Unit was 
reached.
The faunal remains were very well preserved. Fish bones were 
intact and fragmented carapaces of freshwater crustaceans were , 
common. Their excellent preservation made it possible to analyse the 
spatial distribution of faunal remains within the site. For each of the 
excavated squares, all the shellfish remains collected were weighed, 
the gastroliths and Golden Perch otoliths counted. Within each square
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metre the number of the most frequently occurring anatomical 
element representing Muridae were counted to obtain data on the 
relative numbers of individuals represented. Although bone and 
crustacean carapace fragments were present, otoliths and gastroliths 
were used to evaluate the fish and crayfish components respectively, 
because these remains were better preserved. The results of the 
quantitative estimates are shown in Figures 6.3-6.6. Other faunal 
elements are represented by only a few fragments, which appear to be 
evenly spread over the area.
Otoliths, shellfish and gastroliths were not evenly distributed over 
the area the site. All three groups show dispersal patterns with a major 
concentration nucleus, around which the remaining material becomes 
progressively more thinly dispersed. The dispersal pattern for the 
shellfish (Velesunio ambiguus) and the crayfish (Cherax destructor) is 
very similar. In contrast to these three patterns the pattern of Muridae 
bone dispersal is relatively even. However away from the principal 
concentration of archaeological remains (i.e. in the rows 8N &9N of 
Figs. 6.3-6.6) the numbers of murids also fall away.
These dispersal patterns demonstrate that the site represents a short 
stopover that preserves evidence for at least two distinct 
hunting/collecting events: a fish collection and a shellfish and crayfish 
collection.The unified concentration of these species implies that each 
records a single independent event.
The pattern of Muridae dispersal is not so clear. There is a high 
incidence of murids at the site compared to other mammalian species, 
but no obvious concentrations of Muridae remains. There is nothing 
specific to indicate whether the Muridae remains are food debris or 
simply represent lag that has been well-preserved by the same , 
mechanism as other faunal material in the midden. Murids, and the 
other mammals whose remains are found in the midden, would be 
expected to occur naturally in a sand dune environment, but may also, 
of course, have been eaten.
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Figure 6.3 Distribution of otoliths representing Macquaria ambigua
from excavations of TNL 20.
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Figure 6.4 Distributions of gastroliths representing Cherax destructor
from excavations at TNL 20.
9N
8N
7N
6N
5N
4N
3N 
2N 
1N
3W 2W 1W OE 1E 2E 3E 4E 5E
Percentage of 
total weight
□
a
0%
.24-5%
5-10%
10 - 15%
15-20%
Total weight = 5866g
unexcavated deposit
Figure 6.5 Distribution of Velesunio ambiguus fragments from excavations at TNL 20.
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Figure 6.6 Distribution of individuals of Muridae from excavations at TNL 20.
INL 31 - The Yabbip Kill Site
Hope and McIntyre first reported this site as a concentration of 
faunal remains resting on the surface of sediments of the Bootingee 
Unit just above its contact with thefTandou Unit on the lakeside of the 
lunette. They collected surface material from 17 square metres within 
the site, using a 3m x 8m grid placed over the exposure. The contents 
of each m2 was collected separately and sieved. Hope and McIntyre's 
collections from TNL 31 were identified and studied as part of the 
present project and the analysis that follows is based on this 
examination.
Freshwater crayfish was by far the dominant faunal constituent. At 
this site carapace was the most common skeletal element, in contrast 
to others in the region, in which gastroliths are usually the best 
preserved remains. Gastroliths form from calcium carbonate which is 
absorbed by the animal from the surrounding water (Passano 1960) and 
used to initiate hardening of the chelae immediately after moulting 
(Scott and Duncan 1967 p. 99). Thus gastroliths are therefore most 
strongly developed just prior to moulting. Periodicity of moulting 
depends on growth rate of the animal which is related to age and sex as 
well as available nutrients and water temperatures (Passano 1960). 
These factors are only partly seasonal and moulting does not 
necessarily happen only once a year. For this reason no confidence 
inferences concerning the time of collection of the crayfish can be 
based on proportions of their gastroliths.
It is difficult to estimate numbers of crayfish represented in a site 
from disintegrated carapace fragments that cannot be reliably ascribed 
to a particular part of the exoskeleton. The most useful elements for 
quantitative estimates were claw tips, particularly as the upper and 
lower tips were easily distinguished. On this basis it was estimated that 
the remains of 68 crayfish are present at the site from which only 19 
gastroliths were collected.
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Small numbers of a few other species were recorded from TNL 31 
and these are listed in Table 6.3.
K
F A U N A L  M A T E R I A L
t
;  I D E N T I F I E D  R E M A I N S
B i v a l v e s :
V e le s u n io  a m b ig u u s 5  s h e ll f r a g m e n ts .
C r u s t a c e a n s :
C h e r a x  d e s t r u c t o r 6 8  in d iv id u a ls , b a s e d  o n  c o u n ts  
of c la w  f ra g m e n ts ,  o th e r  c a r a p a c e  
f r a g m e n ts  a n d  19  g a s tro l i th s .
F i s h :
M a c q u a r ia  a m b ig u a 2 R  o to lith s
R e p t i l e :
S n a k e v e r te b r a
B i r d :
C a c a tu a  ?  s a n g u in e a h u m e r u s
R a t  k a n g a r o o s :
B e t t o n g ia  s p . 2  d e n ta ry  f r a g m e n ts  e tc .
N a t i v e  c a t :
U n d e te r m in e d  s m a ll  d a s y u r id . d e n ta ry  f r a g m e n t.
R o d e n t :
M u rid a e d e n ta ry  f r a g m e n ts  e tc .
T A B L E  6 . 3  . N u m b e rs  of fauna l e le m e n ts  c o llec ted  a t  th e  Y ab b ie  Kill S ite  [TNL 31 ]
Most of the dominant freshwater crayfish remains were charred and 
the implication is that they were cooked and eaten during a short term 
stopover. As the crayfish occur in a single concentration, and all 
appear to have been all collected at a time when few gastroliths were 
forming, they probably derived from a collection which provided a 
single meal. The implications of the large number of crayfish 
represented will be discussed in Chapter 7.
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TNL 28 - The Shell Date Site
This site is a concentration of faunal material, particularly otoliths 
and shellfish, eroding from sands of the Bootingee Unit near its 
contact with the Tandou Unit. It was Arst recorded in July 1979 by 
Hope and McIntyre. At TNL 28 the Tandou Unit occurs in a shallow 
gully in which the archaeological material is concentrated. Because of
the condition of the site the distribution of its contents could not be as\
rigorously analysed as those in the Major Swale Perch site (TNL 20) but 
the fact that few other species apart from aquatic fauna are present, 
suggests that it is primarily of archaeological origin. Radiocarbon from 
shell collected at the site gave a date of 24,100 ± 400 years BP (ANU- 
2161).
The site was collected using an 5m x 2m grid whose length was laid 
at right angles to the dip of the lunette sequence so that the contact of 
the Bootingee and Tandou Units was included in the sample. Not all 
of the exposure was included in this grid as the original boundaries of 
the site were not determinable and the sample collected from a grid 
this size seemed seemed adequate to assess the content of a dispersed 
site.
Each in that the part of the grid on the Tandou Unit was swept 
and the resulting sweepings sieved. Grid squares on the buff sand of 
the Bootingee Unit were excavated to the upper surface of the Tandou 
Unit. Few remains were found in these excavations, and it must be 
concluded that the accumulated material at site TNL 28 was originally 
concentrated in sediments that are now either entirely eroded away or 
the remains of which lie outside the gridded area.
Additional surface material from outside the grid and lying on the 
surface of the Tandou Unit was collected using the sweeping method. 
The resulting collections are summarised in Table 6.4.
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F A U N A L  M A T E R IA L ID E N T IF IE D  R E M A IN S C O L L E C T IO N  P O IN T
Bivalves:
i
\
<r) V elesun io  am biguus shell fragm ents [som e charred] outside grido
to
3
668g shell fragm ents w ithin grid
_ l
O
G astropods:
1
2 G lyptophysa  sp. 1 shell w ithin grid
c/)
z
<
LÜo Cherax d e s tru c to r 36 gastroliths and carapace
outside  grid<
h -
fragm ents
in 7 gastroliths and carapace
w ith ingridDCo fragm ents
Macquaria ambigua 169R and 169L o to liths together 
with bone [som e charred] outside grid
I
cn 195R and 190L o to liths together
w ith in gridÜ with bone [som e charred]
M accullochella  sp. 1R and 5L oto lith fragm ents w ithin grid
Bidyanus b idyanus 3R and 5Lo to liths  and som e bone within grid
fragm ents
in
LU
- i
H
Agam idae [lizards] dentary fragm ents [2 individuals] w ithin grid
Q.
LU
DC Trachydosaurus  sp. plate w ithin grid
T A B L E  6 .4 .  Faunal elem ents identified in co llections from the Shell Date S ite  [TN L 28]
(continued on fo llow ing page).
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F A U N A L  M A TE R IA L ID E N T IF IE D  R EM A IN S C O L L E C T IO N  POINT
Anas g ibberifrons 1 individual . outside grid
Passerlforme
I
1 individual ]undeterm ined outside grid
1 individual within grid
a
cc
Emu eggshell fragm ents outside grid
m
M iscellaneous
3 fragments within grid
eggshell 6 fragments within grid
MARSUPIALS
Kangaroos and wallabies
Bettongia sp. 2R dentary fragments etc. outside grid
isolated molars- 2 individuals within grid
Potoroine calcaneum fragment outside grid
Lagorchestes sp. cf. 
L. leporides
2 dentary fragments outside grid
Macropus sp. cf. molar fragments outside grid
M. ferragus molar fragments within grid
</>
_i
Bandicoot
Peramelid premaxilla within grid
<
z Native cats
2
< Sm inthopsis sp. R dentary fragment outside grid
S Small undeterm ined 
dasyurid
dentary fragment within grid
PLACENTALS
Rodents
Rattus sp. 3 maxilla fragments etc. outside grid
3 maxilla fragments etc. within grid
Leporillus sp. molar within grid
Conilurini 9R dentary fragments etc. outside grid
4 individuals within grid
T A B LE  6 .4 (c o n t ln u e d )  Faunal elements identified in collections from the Shell Date Site [TNL 28]
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Apart from the faunal remains listed in Table 6.4, 137g of 
unidentifiable bone, and 20 quartz, quartzite and silcrete flakes and 
chips were collected within the grid. Sweepings from outside the grid 
also contained coprolite fragments, a bone point made from a 
macropod fibula and 21 quartz and siicrete flakes and fragments.
Despite the apparent dispersal of the site, its contents indicate not 
only a largely cultural origin of the remains but also remarkable 
cohesion. Freshwater mussels and Golden Perch are by far the most 
abundant species recorded from the site. Other fauna are represented 
by only a handful of fragments. This fact does not exclude the 
possibility that other species were eaten, but it does imply that little lag 
material is present. Another indication that the archaeological 
contents are virtually intact is that right and left otoliths occur in 
almost equal numbers among the large collection obtained from the 
site. There is justification therefore in treating this site as recording a 
camp for least two foraging expeditions - one for shellfish and one for 
fish, in which Golden Perch was the main species caught.
Summary of archaeology of the period 27,000 - 22,000 years BP.
Most archaeological sites from the period 27,000-22,000 years BP are 
small, isolated individual shell middens. Sites that are not in this 
category contain concentrations, usually of a single faunal species, 
although the Major Swale Perch Site (TNL 20) yielded concentrations 
of three species, the greatest variety so far found for this period. None 
of the sites surveyed exhibited any internal stratigraphy and, in all, 
archaeological remains were confined to a single thin horizon.
A radiocarbon date on shell from archaeological material from the 
Lake Nitchie lunette also fell within the interval 27,000-22,000 years 
BP. Although these remains were scattered over a blowout surface, the 
presence of mussels and fish suggests that they are at least partly of 
cultural origin. The material was collected from an exposed surface of
a grey carbonate layer of a red palaeosol which resembles the Tandou 
Unit lithologically. However, the Tandou Lake lunette differs 
markedly in size and stratigraphy from others in the region, and for 
the present any inferences concerning correlation of individual units
ft
must be highly tentative.
Association of faunal remains with other cultural artefacts is 
difficult, when dealing with small, discrete open sites. The problem of 
determining synchrony has already been discussed. Clay-ball and 
carbonate nodule hearthstones, small predominately silcrete and 
quartzitic chips, quartz pebble hammerstones and sandstone 
grindstone fragments occur in most blowouts. They are not common, 
but average about 10-20 pieces per blowout. They are usually found on 
sediments at the base of the Bootingee Unit or resting on the upper 
surface of the Tandou Unit which are the lowest exposed horizons in 
each blowout. No stone artefacts were found in situ or in direct 
association with any faunal remains. Because of this, and in the 
absence of any datable characteristics of the artefacts, it is impossible to 
establish whether or not any relationship exists between them and the 
midden material.
Animal remains recorded from excavated sites consisted almost 
entirely of aquatic species and mammals were represented by only 
occasional isolated fragments. By contrast, collections from exposed 
scatters at the contact of the Bootingee and Tandou Units included a 
high proportion of mammalian remains. Few bones of larger 
mammals were present and small dasyurids, murids and bettongs 
were the most common forms recorded, although remains of 
bandicoots and wombats occurred. Many of the species recorded in the 
collections no longer inhabit the area but their past presence is not 
unexpected, given their known broad ecological requirements. The 
occurrence in the Frog Kill Site TNL 34 of platypus, now confined to 
cooler areas of southeastern Australia, is the first record from the 
Darling River region.
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2.18,000 - 9,000 years BP.
Archaeological sites from this period are associated with the 
Pleistocene channel of the Darling River. They occur in lunettes 
bordering overflow lakes of the olde^ river, in source-bordering dunes 
along the ancestral Darling and in areas of soil exposure along its 
banks. Factors controlling the distribution of these sites have been 
reviewed in Chapter 5.
For purposes of geomorphological comparison sites assignable to 
this time interval have been divided into three categories:
i) lunettes
ii) source-bordering dunes
iii) red sand surfaces.
i) Lunette sites
These are known from Kangaroo Lake and Lake Tandou lunettes. 
Lake Tandou lunette.
Radiocarbon dates on shell from four archaeological sites (TNL 6, 
TNL 8, TNL 30 and TNL 38) recorded in the Tandou lunette lie within 
the period 18,000-9,000 years BP. All these sites were recorded from 
stratigraphic horizons within the Bootingee Unit roughly 5m above its 
contact with the Tandou Unit. Lithological subunits are not easily 
recognised within the Bootingee Unit and it would be incautious to 
attempt to compare the relative stratigraphic positions of the four sites. 
It is interesting that only 10 sites containing fauna have been recorded 
above the contact of the Bootingee and Tandou Units and that the 
time interval spanned by dated sites from the Bootingee Unit is so 
short. The oldest is 16,100 ± 180 years BP (ANU-2755) and the youngest 
14,850 ± 190 years BP (ANU-3209). This suggests a short phase of 
sedimentation and possibly a number of periods of erosion, which 
resulted in little of the archaeological material being preserved. As the
129
remaining six sites (TNL 5, TNL 10, TNL 13, TNL 26, TNL 33 & TNL 
39) were either within or scattered on Bootingee Unit sediments well 
above (about 5m) the contact of the Bootingee and Tandou Units, they 
were assumed to be of the same age as the dated material (i.e. 14,000 -
16,000 years BP). ^
\
The bivalve mollusc Velesunio ambiguus was the most common 
species represented in all but one (TNL 8) of the 10 sites of this time 
period.
Preservation of archaeological material in the sites again varied 
from well-conserved in situ material occurring within residuals (TNL 
8, TNL 10, TNL 30 & TNL 38) to scatters of fragmented organic remains 
dispersed over sediments of the Bootingee Unit. Four of the sites (TNL 
5, TNL 13, TNL 39 and TNL 33) are thin scatters of highly fragmented 
shell. This variation creates the same problems of interpretation as 
those already discussed for the older sites.
Of the two sites (TNL 8 and TNL 10) where in situ remains are 
preserved, only a small part of TNL 10 was intact. In this, fairly 
complete shells were present over an area of about 20cm 2 within a 
low residual of the Bootingee Unit. Loose fragmented shell remains 
have accumulated in front of this, where the residual has been sharply 
truncated at the margin of a swale. From this observation it was 
concluded that the residual represented in situ material of a larger 
midden that has been partly eroded.
Much more of the midden remains were preserved in a residual at 
TNL 8. The site was visible as a thin layer of shell and bone fragments, 
about 2cm below the surface on the northern side of the residual. Free 
fragments of bone and shell surrounding this residual and lying in 
nearby gullies, indicate that the midden was probably originally much 
more extensive. The midden was excavated because it contained the 
only well- preserved in situ material from an undoubted provenance 
and incorporating faunal remains other than shell that represents the
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18,000-9,000 years BP interval in the Tandou lunette. An auger hole 
showed that the midden lay 2.41 metres above the upper surface of the 
Tandou Unit.
Two lm^ were excavated at this sife, each to the base of the 
archaeological remains. Fauna was restricted to the northern part of 
the squares (20cm from the exposed edge of the residual) and it was 
concluded that the preserved part of the midden represented part of 
the southern edge of the original site. Velesunio ambiguus and the 
crayfish Cherax destructor were the only species represented. Shellfish 
occurred as small fragments and the crayfish as both gastroliths and 
remnants of carapace.
TNL 5 occurs in a minor swale high in the sandy sediments of the 
Bootingee Unit. One vertebra from Maccullochella sp. and a charred 
macropod dentary fragment were also found in the same swale, but 
their is no unequivocal evidence that they are associated with the 
shell. The fact that only one bone of each animal is present suggests 
that their presence is fortuitous and of little archaeological 
significance.
TNL 13 is an area of about lm x 2m in a minor swale high on the 
lakeside face of the lunette. The material was finely fragmented and 
the only other archaeological material present was small pieces of 
human bone. Sites TNL 26 and TNL 33 occupy a similar situation to 
TNL 13, their archaeological components are also fragmented and 
occur over a windswept surface that exposes small carbonate nodules. 
Broken shell was dispersed over areas of about 10m x 5m and no other 
organic remains were recorded.
Four middens ( TNL6, TNL 30, TNL 38 and TNL 39 ) attributed to 
this time period on the Tandou lunette occur as discrete shell 
concentrations exposed on the surface of sediments of the Bootingee 
Unit in the upper part of the sequence exposed in the lunette.
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TNL 6 was recorded by Hope and McIntyre in July 1979, when it was 
recognised as a coherent concentration of charred shell remains 
surrounded by charred shell fragments. They collected the entire 
central block of the midden. This consisted mainly of comminuted, 
charred mollusc shell, but also yielded a premaxilla and vertebral 
fragments of Maccullochella sp.
Shell at TNL 30 was similarly concentrated in a coherent mass by 
burning. Most of the shell was confined to an area about 2m x 1m 
although isolated shell fragments were found at distances up to 10m 
from the main accumulation. No other fauna was associated with the 
shell.
Site TNL 38 was not exposed when Hope and McIntyre visited the 
area in 1979 but by 1981 was clearly defined as a mound consisting 
entirely of generally unfragmented shell. The shells were not 
dispersed but occurred as a linear concentration about 2m x lm. Such a 
distribution is consistent with recent exhumation. Intraspecific 
variation in shell shape and form of Velesunio ambiguus is 
influenced by ecological conditions, particularly water velocity 
(Walker, 1981). Thus, homogeneous morphology of shells from 
archaeological middens can be taken as supporting evidence for their 
simultaneous collection. All the shells from TNL 38 had a similar 
external morphology and were relatively large and thick.
Shells from TNL 39 were also relatively unfragmented and it is 
assumed that they too had been only recently exposed. Only 10-12 
individual shellfish were represented by the remains, which were 
scattered over a 2m^ area.
Kangaroo Lake lunette
Although Kangaroo Lake serves as an overflow lake for Tandou 
Creek and is only a short distance upstream from Lake Tandou, the 
stratigraphy of its lunette differs substantially from that Lake Tandou
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lunette. The exposure within Kangaroo Lake lunette consists of a 
single large blowout on the extreme northern face. Within this 
blowout are residuals, exposed soil surfaces and unconsolidated 
moving sands. Students from the Geography Department, School of 
General Studies, ANU, augered 5 transects at right angles to the lake in 
1980. Three soils were identified by this programme. A generalised 
section through the blowout is shown in Figure 5.4. The most likely 
interpretation of this stratigraphy is that the bright red palaeosol is 
equivalent to the Tandou Unit and that units above the palaeosol 
correlate with the Bootingee Unit in the Lake Tandou lunette. If so, 
sedimentation in Kangaroo Lake has been more complex than at Lake 
Tandou. This might be expected as Kangaroo Lake is smaller and 
would have filled and emptied in shorter cycles than Lake Tandou.
Nine sites were recorded from Kangaroo Lake lunette, although 
fragmented faunal remains litter all the exposed swale surfaces.
Because of stratigraphic complexities, created by local depositional 
hiatuses within the sequence, it was not possible to recognise and map 
all the lithological units continuously along the face of the lunette. All 
the archaeological sites recognised are less than 18,000 years old, 
although the presence of remains of fauna now extinct indicates that 
some sediments older than this are present.
Like the archaeological sites at Lake Tandou, those at Kangaroo Lake 
are variably preserved (or in differing states of degradation). Six have 
been dated by radiocarbon. They are (in order of increasing age) KALI2; 
11,500 ± 90 years BP (ANU-3013): KAL 1; 12,250 ± 210 years BP (ANU- 
2311): KAL 10; 13,600 ± 160 years BP (ANU-3012): KAL 2; 17,050 ± 340 
years BP (ANU-2502): KAL 4; 17,050 ± 1470 years BP (ANU-2520) and 
KAL 3; 17,300 ± 190 (ANU-2503).
Surface middens.
Only 4 of the numbered sites can be confidently assigned an 
archaeological origin. These are KAL 1, KAL 2, KAL 3 and KAL 12,
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which are essentially shell middens. KAL 1 was an area of fragmented 
shell resting on the surface of the orange sand, no fauna other than 
shellfish was identified.
All the shells from KAL 12 had a similar external morphology 
(small and round) suggesting that they were originally collected at the 
same time. When it was first recorded in October 1981, it had only been 
recently uncovered. Most shells were fairly complete and it was 
estimated that a total of only 12 individual bivalves were represented 
in the midden. These were concentrated in an area of about 25 cm^ 
and were eroding from the upper grey clay-rich sand at its contact with 
the white mobile sands.
Excavated middens
The two excavated middens were in apparently similar stratigraphic 
positions and about 20 metres apart. KAL 2 was a thin bed of sandy 
clay, with diffuse calcium carbonate, exposed in the wall of a gully, and 
containing a random aggregate of shell, bone and charcoal fragments. 
KAL 3 also occurred as a thin band with shell, charcoal and bone but 
was enclosed in a residual of orange-brown clayey sand. It is difficult to 
reconcile the radiocarbon dates from these two middens with their 
stratigraphic position in the lunette which apparently lies below the 
red palaeosol containing remains of extinct fauna. However the 
sedimentary units that contain KAL 2 and KAL 3 are lenticular and do 
not persist elsewhere in the lunette. From its lack of orderly structure, 
KAL 2 appears to represent material that has been eroded from a 
higher stratigraphic horizon and redeposited. KAL 3 is undoubtedly in 
situ and presumably lies in a topographic low, on the surface of an 
unconformity, formed by erosion of an older lunette sequence.
KAL 2
J. Hope excavated KAL 2 in 1980 by cleaning back the gully wall to 
expose the section and collected 2 block samples. The mollusc
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Velesunio ambiguus was the only fauna identified from the collected 
material.
KAL 3
During this project the smaller of two sandy residuals with visible 
horizons of shell and charcoal was excavated. This horizon was 
continuous around the periphery of entire smaller residual but was 
only present on the lake side of the larger. The residuals were about 
lm  apart and scatters of fragmented shell and bone lay between them. 
This midden was excavated primarily because it contained the only 
well-preserved in situ material of known archaeological origin on the 
lunette. It thus provided the only available opportunity to investigate 
internal structure of a midden and to distinguish archaeological from 
non-archaeological fauna.
The archaeological horizon was exposed by entirely removing 
unconsolidated surface sands from the residual. The exposed surface 
was sketched (Figure 6.7) and the material collected separately in 25 cm 
squares. No artifacts were collected in the excavations and the faunal 
sample consisted almost entirely of shellfish but included also the 
charred remains of a single cod (Maccullochella sp.) and a single 
unidentifiable fragment of mammal bone. The fish bone was black and 
not calcined indicating either that the bones had been returned to the 
fire when it was nearly extinguished or that they were lying on the 
edge of the hearth.
Additional faunal material collected by sweeping around the 
residual consisted almost entirely of shellfish and unidentifiable bone 
but three flakes of siliceous material and some emu egg shell were also 
recovered.
The site is thought to have been a short-term camp where shellfish 
and a single fish were consumed. The basis of this interpretation will 
be discussed in Chapter 7.
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Freshwater mussels
Bone fragments
Rabbit disturbance
Disseminated charcoal - small fragments of charred
bone and charred mussel.
Approximate outline of surface of residual black
Figure 6~.7 Plan of KAL 3 after excavation of overlying sediments.
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Other Kangaroo Lake sites.
The remaining numbered sites on Kangaroo Lake were assigned to 
surface grid collections from different stratigraphic units within the 
lunette section. Much of this material was undoubtedly float but was 
collected as an aid to distinguishing between stratigraphic units and as 
a guide to the fauna that was colonising the lunette at the time the 
sediments accumulated. The collections cover the units lying above 
the upper surface of the red palaeosol.
KAL 6 was a 30m x 10m grid set on the lakeside of the lunette, with 
the longer side normal to the dip of the exposed sediment. It 
intersected, in ascending order, sections of the red palaeosol, orange 
sand, brown soil and finally the grey clay. Other collections were made 
from KAL 7 on the upper surface of the red palaeosol; KAL 4 sited on 
the overlying orange sand; KAL 5 associated with the pink soil and 
KAL 8 on the uppermost grey clay. No extinct species were identified 
from any of these collections, although many of the species recorded 
no longer occur locally (see Appendices 1 & 2). Fish and shellfish 
remnants were never common, and their minor presence may be 
explicable in terms other than a human agency. They, and some of the 
mammalian remains present may be debris from the meals of 
predators such as the Tasmanian devil and marsupial native cat or 
even, as Hope (1981b) has suggested, some of the larger reptiles. As this 
possibility cannot be excluded, there is no unequivocal evidence 
relating material from any of these six sites to a human presence.
There were, however, six human burials recorded on the lunette. 
They all appear to derive from the grey clay and their degree of 
fragmentation varied. None was complete but one was associated with 
ochre and stone artefacts and the skeleton showed evidence of post­
mortem arrangement.
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ii) Source-bordering dune sites
The geomorphology of source-bordering dunes has been discussed 
in Chapter 2. Although there is a small accumulation of sand adjacent 
to the modern Darling River channel that can be interpreted as source- 
bordering dune (see MAL 1 to MAL 3), most such dunes are associated 
with the ancestral channel. They vary in size and structure, but almost 
all show a range of soil development varying from relatively 
immature, such as that at TWH 1 where a fine brown sand overlies a 
more compact buff sand, to well-developed with a red upper B horizon 
grading downwards into buff coloured sand with carbonate nodules. 
Apart from TWH 1 (the youngest dated site), all the dated 
archaeological material from source-bordering dunes in this time 
interval came from dunes that contain soils of the second type.
Twenty sites in the source-bordering dunes have been interpreted as 
belonging to this time period. Five of these sites have radiocarbon 
dates, obtained from samples taken from concentrations of shell 
fragments associated with them. One of these, the Avon 1 site, was 
collected by J. Hope in 1979 and has an age of 16,100 ± 180 years BP 
(ANU-2517). The others are: KGE 1, 15,250 ± 170 years BP (ANU-2516); 
TRA 1, 13,450 ± 190 years BP (ANU-2996); SWH 1, 13,000 ± 140 years BP 
(ANU-2822) and TWH 1, 9,380 ± 130 (ANU-2826).
TWH 1, the youngest dated site, is in a low tear-shaped dune, with 
weak soil development. Its stratigraphic section consists of a basal buff- 
coloured sand overlain by compact fine brown sand which in turn 
underlies recent mobile light-coloured sand. Three flakes of siliceous 
material were visible in situ in the brown sand. The other 
archaeological material consisted of finely divided shell and bone, 
grindstone pieces, flakes and stone fragments which littered the 
surface of the exposed lower buff sand.
TRA 1 and SWH 1, the two sites with dates of about 13,000 years BP, 
were eroding from brown sand beneath recent mobile sand, near the
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crest of the dune. Their enclosing brown sand overlies a palaeosol, 
which is red near its upper surface but grades down into a buff- 
coloured sub-unit with carbonate nodules. Immediately above the 
brown sand is a fine red aeolian sand which is in turn overlain by the 
recent mobile buff sand.
Four other sites were recorded from the source-bordering dune 
containing SWH 1. These are all believed to be situated in analogous 
stratigraphic positions to SWH 1. Two of these sites (SWH 2 & SWH 
3) consisted of well-preserved shell remains, concentrated over areas 
of less than 2 m^, resting on brown sand from which they are clearly 
eroding. SWH 4 and SWH 5, the other two sites on the dune, were 
scatters of finely fragmented material lying on exposures of the 
nodular carbonate horizon. Because the fine fragments were widely 
disseminated and evenly distributed, they were assumed to have 
travelled some distance down the deposit and probably originated in 
the brown sand.
The section in the source-bordering dunes that contain Avon 1 and 
KGE 1, the two older dated sites ( between 15,000 and 16,000 years BP), 
has no brown sand unit. A similar stratigraphic sequence is developed 
in both dunes and consists of a basal buff sand with carbonate nodules, 
succeeded by a red palaeosol, in turn overlain by buff-coloured sand. 
Archaeological material at both sites were eroding from red sands at 
the surface of the palaeosol.
Two other sites (DHL 1 & DHL 2) were found in different dunes, but 
occupying similar stratigraphic positions to Avon 1 and KGE 1. DHL 2 
had three concentrations of shell, scattered over exposures of the red 
sandy upper horizon of a palaeosol. In the blowout containing DHL 3, 
archaeological material is strewn over exposures of red brown sand 
and the lower carbonate horizon of a palaeosol underlying buff 
mobile sand. It includes clay hearth stones, grindstone fragments, 
quartzitic and fine-grained siliceous flakes as well as fragments of shell 
and bone. The archaeological material is more intact on the red brown
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surface than on the carbonate horizon. An in situ burial of a child with 
unerupted permanent teeth was recorded from the upper buff sand at 
DHL 3.
iii) The red sand surfaces
Archaeological sites containing fauna in red sand representing the 
18,000-9,000 year time period appear to occur only on surfaces that 
form part of the banks of water channels (see Chapter 4). They are 
usually found on the outer erosional banks of meanders. In the lower 
Darling area these red sands form part of a regional sand plain, 
characterised by irregular dune-like sand accumulations.
Twenty-four sites of this type were attributed to the 18,000-9,000 
years BP time interval; all associated with the ancestral channel of the 
Darling and eight of these have been dated by radiocarbon. These 
include TNC 1, which is the site excavated by H. Allen in 1972 and 
named by him the Tandou Creek 1 site. Shell collected from the site 
has a date of 12,350 ±170 years BP (ANU-702), as well as a modern date 
of 105 ± 65 years BP on charcoal collected from a hearth in the same 
area. This latter date emphasises the dangers of regarding 
archaeological material as necessarily synchronous because it is 
physically associated.
The seven other radiocarbon ages (in years BP) were determined from 
shell collected at the following sites:
GLP 1; 11,350 ± 90 (ANU-2818): GEM 1; 12,200 ±1 40 (ANU-2823): KAW 
1; 13,250 ± 160 (ANU-2819): TMC 10; 13,300 ± 160 (ANU-2824): TNC 2: 
13,550 ± 160 (ANU-3003): TNC 7; 13,550 ± 140 (ANU-3004) and DEA 4; 
3,850 ± 160 (ANU-3006).
In situ material was recovered from five of the sites. One (DEA 4), 
was a 25 cm^ area of comminuted shell, exposed in a claypan, on red 
clayey sediments. At TNC 1, TNC 2 and TNC 6 the shell remains all
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occur in similar stratigraphic situations. At each, a palaeosol is present 
as loose red sand overlying a buff sand unit, with increasing numbers 
of carbonate nodules towards its base. Archaeological material at these 
four sites occurs in the upper red sands, 1-2 cm above the buff 
sediments. Allen (1972, pp. 235-239) provided a description of TNC 1.
At TNC 2, broken shell occurs along a strip of red soil on Tandou 
Creek, over an area of about 70m x 10m and is also found in patches, in 
places where the lower carbonate horizon has been exposed by erosion, 
caused by vehicles or by absence of vegetation. The in situ material is 
present in a mound conserved by vegetation. It comprises a thin 
horizon, containing shell which is less fragmented than that associated 
with sediments containing carbonate nodules. Shells are exposed 
similarly at TNC 6 and TNC 7: larger, more complete fragments are 
found at the margins of these erosional depressions and are obviously 
eroding from the red sands.
The remaining archaeological material from red sandy sediments is 
very fragmentary. At KAW 2, KAW 3, GLP 4, JIM 1, TMC 1, TMC 2, 
TMC 7 and RBC 1, no carbonate horizon is exposed and material is 
spread thinly and evenly over red sand. A carbonate horizon is visible 
in the palaeosol at KAW 4, GEM 1, GLP 1, GLP 2 , GLP 3, TMC 8, 
TMC10, TNC 3, TNC 4 and TNC 5 the shell similarly distributed on the 
surface of this. At one site (KAW 1) the faunal remains are not 
associated with a palaeosol, but are found on the channel bank at the 
contact between a lower grey clay and an overlying red-brown sand 
unit.
Summary of the archaeology of the period 18,000 - 9,000 years BP.
Recorded archaeological sites containing fauna from the time period 
18,000- 9,000 years BP in the Lower Darling region consist mainly of 
aquatic molluscan remains. This applies both to surface scatters and to 
in situ concentrations of shell. Hearth remains of burnt clay and
remnants of termite-mound are often associated with the shell 
remains, and are present in situ at some of the sites.
Elucidating the archaeological evidence from source-bordering 
dunes presents essentially the same difficulties as interpreting that 
from the lunettes. All the sites recorded consisted of small 
concentrations of the river mussel (Alathyria jacksoni ) in differing 
degrees of degradation from site to site. Fragmented remains of other 
fauna, as well as human remains, grindstone remnants, clay ball 
hearth stones and flakes occur in the same blowouts as the recorded 
sites. Of the organic remains, only the isolated shell fragments and 
human burials are undoubtedly archaeological. The problem of 
producing a coherent synthesis from archaeological data based on 
isolated remains, out of their original stratigraphic context, when the 
mammalian faunal remains are those of local animals and the stone 
tools are undiagnostic, cannot be overcome with any confidence. Apart 
from shellfish, remains of aquatic fauna including birds, fish and 
crustaceans were recovered from source-bordering dunes but they are 
rare and occur very sporadically. Their mode of occurrence makes it 
impossible to regard them as unequivocally archaeological.
Faunal material other than shell does not occur on red sand surfaces 
and all that can be inferred from the evidence of the sites representing 
the time interval between 18,000 and 9,000 years BP is that the region 
was populated and that the inhabitants were using river shellfish as a 
food. The known sites are all small and there is no direct association of 
food debris with other archaeological material. They seem certainly to 
represent only minor short-term meal camps but, because so few 
midden sites have been preserved, it is not possible to gauge the 
intensity of usage of the food resources of the river.
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3) 9,000 - 5,000 years BP
Sites of this period are associated with the ancestral Darling channel 
and most are concentrated around the overflow lakes of Teryawynia 
Creek, which is a distributary of Talyawalka Creek. They are, at least in 
part, related to the period of regional avulsion described in Chapter 5. 
Eight are located at Lakes Pamamaroo and Menindee, near the town of 
Menindee, where the courses of the ancestral and existing channels 
cross (Figure 4:1). Apart from these the only recorded site not adjacent 
to the Teryawynia Creek lakes is GLP 5 on Talyawalka Creek itself.
Lakes Pamamaroo and Menindee
Radiocarbon dates obtained on shell from two middens (PAW 1 and 
MNW 2), one on the western side of Pamamaroo Lake and and the 
other on Lake Menindee, fall within this period (6,780 ± 80, ANU-2515 
& 6,920 ± 90, ANU-2922). Undated middens associated with these lakes 
have similar contents and structure and are stratigraphically 
analogous. They are all finely divided shell scatters, on surfaces within 
a palaeosol that forms the western banks of the lakes. Individual 
scatters are extensive and their boundaries coincide with those of the 
palaeosol and the overlying unconsolidated red sand. The fragmented 
shell has therefore been concentrated by deflation on the surface of the 
red western margins of the lakes. The shells occur only along the lake 
edges and lie either on an indurated red sand or on a nodular 
carbonate horizon that lies below it. PAW 4, which is 600m from the 
margin of Lake Pamamaroo, was the furthest site from a body of water 
recorded.
Shell remains were fragmentary, fragile and degraded at all the 
midden sites along these two lakes and no other faunal remains were 
found associated with them. Hearth remains of baked clay or termite 
mound were common on the surfaces and pieces of sandstone 
grindstone, flakes and fragments of quartz and quartzite were also 
present around the lake margins.
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Talyazualka Creek
GLP 5 is apparently anomalous being the only midden located on 
red sandy sediments forming part of the bank of Talyawalka Creek 
which produced a Holocene date (5,960 ±110, ANU-2756). The entire 
sand area where it was found is about 200m x 50m and the shell 
remains form part of a campsite exposed within this in small erosional 
depressions. The largest of these is a subcircular patch of shell with an 
area of about lOm^. In exposed sections the site can be seen to contain 
2-3 layers of shell. Other faunal remains were scattered across the site 
apparently randomly. Baked clay hearth stones litter the whole area of 
sand and flakes and fragments of quartz, quartzite and fine-grained 
siliceous materials were also present. Other archaeological material 
recorded included small pieces of ochre and a single glass artefact. The 
site has clearly been disturbed and is of mixed origin.
T e r y a w y n i a  Lakes
The diverse sites associated with Teryawynia Lakes occur on the red 
sand surfaces of the western lake margins, on beach deposits and 
within lunettes. Archaeological sites containing fauna were also found 
within dunes, interpreted as source-bordering, along a short-term 
overflow channel of Teryawynia Creek. They are developed at the 
southern end of the creek, on the eastern sides of a series of 
depressions.
The Teryawynia area is much richer in midden remains than other 
parts of the lower Darling region. Fragmented shell is present on 
erosion surfaces around the margins of all the channels and lakes in 
the area, but are particularly abundant in the area north of 
Boolaboolka and Ratcatchers Lake. However, preservational 
conditions do not seem to have been as favourable as in some of the 
older sites found in parts of the ancestral system. Lunettes, formed 
from aeolian sands and clays, are present along the eastern margins of 
most of the Teryawynia lakes but they are low and, except for the
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extreme northern edge of Ratcatchers Lake, do not contain blowouts. 
Middens recorded from lunettes are exposed on the surface of their 
crests. The lunettes are at present vegetated with grasses and are 
therefore fairly stable, but the archaeological material has been close to 
the surface, probably since its deposition, and less well-shielded from 
atmospheric weathering and erosion than that in older middens 
within lunettes of the ancestral Darling system. The younger sites are, 
nevertheless, considerably more extensive and contain thicker layers 
of faunal remains. These factors have undoubtedly helped to preserve 
them.
Seventy-seven midden sites were recorded from the Teryawynia 
system. For the purposes of geomorphological comparison these sites 
have been divided into 5 categories:
i) lunettes
ii) source-bordering dunes
iii) red sand surfaces
iv) brown sand mixed with clay
v) beaches.
i) Lunettes
The best preserved material in the Teryawynia Creek area was 
recorded from the lunettes and source-bordering dunes.
Lunettes on the eastern margins of the Teryawynia overflow lakes 
have been described in Chapter 5 and are not as high as those 
associated with other lakes in the lower Darling region. The surfaces of 
these lunettes are vegetated with grasses and in general there is 
consequently little erosion. All the archaeological sites were recorded 
from their uppermost stratigraphic unit, which consists of pale-grey 
sandy clay. Small non-vegetated areas occur in patches along the crest 
of the lunettes and, in these, shell fragments were visible. No site 
boundaries were identified, apart from those imposed by the margins
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of individual lunettes, and it is likely that shell middens extend along 
the entire length of the lunette sediments. In this interpretation, all 
the sites recorded from a single lunette represent exposures of one 
large midden. Complete vertical profiles of middens were exposed at 
only two localities: SAL 8 and SAL 9.
SAL 8
Initial erosion of the SAL 8 site on Lake Boolaboolka lunette was 
caused by a vehicle track but has been intensified by subsequent sheet- 
wash. The midden is now exposed as a series of residuals of the grey 
sandy clay above a compact grey clay surface. Faunal material on this 
underlying surface was predominantly remains of the lake mussel 
(Velesunio ambiguus) but gastropods, fish, crustaceans, duck bones 
and eggshell were also present (see Appendix 2). No mammalian 
bones were recorded and as almost all the faunal remains were aquatic, 
their archaeological origin is almost certain. Human bones were not 
recorded in situ but were scattered on exposed surfaces together with 
other archaeological material, including baked clay hearthstones, 
grindstone fragments and flakes.
A lm^ excavation made within a residual showed the midden to 
consist of compacted fragmented shell and to vary in thickness 
between 20 and 30 cm. No archaeological material appeared to be 
present in pentagonal mud-cracks on the surface of clay lying 
immediately below the base of the shell-bearing sandy clay unit, and 
no independent stratigraphic horizons were identified within it. The 
south and east sections of this midden are shown in Figure 6.8. The in 
situ fauna was closely similar to that recorded from deflated surfaces 
and dominated by mussels with subordinate gastropods, Crustacea, 
duck and unidentifiable bone. Two baked clay hearthstones and an 
ochre fragment were also excavated.
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Figure 6.8 Section drawings of the south and east walls of the
SAL 8 excavation.
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SAL 9
Vehicular use and sheet-wash had also disturbed the lunette around 
SAL 9. In this area the surface had been subjected to strong deflation 
which has created shallow depressions in clay-rich sediments. The 
residual containing SAL 9 has an area of about 5m^ and rises 30 cm or 
so above the deflated surface. In section it appeared identical with SAL 
8. A 50 cm3 bulk sample removed from this residual consisted of 
mussel fragments in a matrix of sandy clay. No other faunal remains 
were recorded from either this sample or the dispersed material 
around the residual.
Ratcatchers Lake
The highest lunette associated with these lakes is that bordering the 
northern end of Ratcatchers Lake where sandy sediments have 
accumulated. Here, data from auger holes within a blowout (referred 
to as Pocket Bore 1) on the lakeside of the lunette, show at least two 
phases of accumulation, followed by the formation of a beach ridge on 
the lake shore, at the base of the lunette (Figure 5.5).
Pocket Bore 1 and one other blowout (Pocket Bore 2) contained 
archaeological material. Within Pocket Bore 1 shell middens were 
found in situ at two stratigraphic horizons:
i) within lunette sediments on the north side of the blowout, at 
the contact of the red sand and the overlying white mobile sand 
(RAT 3).
ii) within beach sediments at the contact of the brown sand and 
underlying coarse white sand (RAT 4 and RAT 5).
As well as these three sites the blowout also contained dispersed 
fragmented shell, grindstone fragments, pieces of baked clay
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hearthstone and remains of Procoptodon sp. resting on exposed 
carbonate-rich sand at the bottom of the blowout.
At Pocket Bore 2 beach gravels were not exposed. Archaeological 
material is eroding from the brown sediment within this blowout, in 
which an additional lenticular unit of brown sand is developed 
between the red sandy soil unit and the upper mobile white sands. The 
red soil unit is also more clearly defined and contains abundant 
carbonate nodules. Mussel shell at RAT 7 is not as fragmented as that 
from Pocket Bore 1 and is associated with the well-preserved remains 
of other aquatic fauna, including four species of fish, crustaceans and 
four duck species, as well as other waterfowl. Skeletal remnants of 
small mammals and reptiles were also recorded (see Appendix 2).
Much of the bone was charred. Although the archaeological remains 
were clearly eroding from the brown sand unit, at the eastern end of 
the blowout, no in situ concentration of material was identified. The 
relatively good preservation of the archaeological material in the 
brown sands appears to result from their rapid accumulation.
RAT 3 occurs between the upper mobile sands and the red soil in a 
stratigraphically analogous unit to RAT 7, but no brown sand unit is 
present, either because it was never deposited or has been subsequently 
eroded. This difference may account for the poorer preservation of the 
shells at RAT 3 and for the absence of other faunal material.
Three other blowouts east of the Pocket Bore blowouts have been 
named Circle 1, Circle 2 and Circle 3. Exposures in these revealed 
similar stratigraphic sections to that in Pocket Bore 2 but no faunal 
remains were present in archaeological context. However, human 
bones were scattered on the exposed red soil surface and, in a more 
fragmentary condition, on the carbonate-rich horizon at the base of the 
blowouts. Procoptodon sp. remains,were also found on the latter 
surface, as well as 2 large quartzite mortars with flakes removed from 
their base.
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ii) Source-bordering dunes
Two areas of source-bordering dunes were identified in the 
Teryawynia Creek region. These lie on the eastern edge of a water 
channel that is no longer active but is visible on the ground as a series 
of depressions, which indicate that it acted as an over-flow channel 
from the northwest corner of North Lake. The same channel is 
discernible on Landsat imagery, where its south-west course appears to 
be transected by the Darling River north of Pooncarie.
The source-bordering dunes are prominent features of the 
landscape, and appear as light-coloured sandy bodies rising from the 
floodplain. Two sites were recorded within a source-bordering dune 
complex about 4 km south of the origin of the inactive overflow 
channel, at the north-west corner of North Lake. The uppermost 
aeolian sand at this complex is white and recently mobile. Underlying 
this is a unit of pale-grey aeolian clay containing small carbonate 
nodules presumably developed in an incipient soil profile. Faunal 
remains were located in situ at the contact of these two units and were 
also thickly scattered over all exposed surfaces of the aeolian clay. 
Material was visible at all exposures of this contact and the 
independent site numbers NAL 5 and NAL 6 merely identify two 
spatially separated collections. NAL 5 was a random surface collection 
from a shallow depression, within the exposed aeolian clays. NAL 6 
was collected by sweeping a 10m x 4m square at the contact of the 
mobile sands with the aeolian clay (see Appendix 2). The aquatic fauna 
identified from these collections (Appendix 2) is dominated by 
gastroliths of the crustacean Cherax destructor, but mussels, 
gastropods, 3 species of fish and fragments of turtle carapace were also 
recorded. In addition, bones of small mammals were present in minor 
quantities.
Source-bordering dunes near Kaleentha Loop, a railway siding , 
were identified from air photographs, following information from a 
retired railway ganger that he had collected shell for "chook food" in
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the area during his employment in the region. Subsequent surveys in 
these dunes showed them to be rich in archaeological remains.
Stratigraphically these dunes at Kaleentha Loop are similar to those 
containing NAL 5 and NAL 6, in that they consist of an upper aeolian 
unit which overlies a grey calcareous clay. However recent sands in 
the Kaleentha Loop dunes are fine-grained and consist of red and 
white quartz grains that appear orange when viewed as an aggregate.
In one blowout, containing the site KLL 3, the upper sands are 
separated into two sub-units, the upper consisting of pure fine-grained 
white sand and the lower of fine-grained red sand. Red sand also 
occurs below the upper sands on the eastern side of the most northerly 
blowout where it contains massive carbonate lenticles. Carbonate, 
mostly in the form of root-casts, appears to be more strongly developed 
in the grey clays of Kaleentha Loop than in the units containing Sites 
NAL 5 and NAL 6.
Like the faunal remains from NAL 5 and NAL 6, those from the 
source- bordering dunes at Kaleentha Loop are fragmentary. They 
occur strewn over all exposures of the grey clay but are most heavily 
concentrated around the edges of the blowouts at the junction of the 
clay and the overlying unconsolidated sand. This may be a result of 
wind blowing the material across the highly indurated surface created 
by the ubiquitous root-cast carbonate.
Because site boundaries were not individually determinable, 
material collected within each blowout was allocated a separate site 
number. Extensive collections were made only from KLL 1 situated in 
the largest, most northerly blowout. The material was collected by 
sweeping within a 8m x 4m square, at the contact of the grey clay and 
upper mobile sand, at the southern end of the exposure. This 
collection recovered a wide variety of fauna (Appendix 2) but was 
particularly rich in the remains of fish, of which six species were 
recorded. This is the most diverse association of fish yet recorded from 
any archaeological site associated with Australian inland waters. Two
of the species, bony bream (Nematalosa erebi ) and spangled perch 
(Leipotherapon unicolor), have not previously been reported in an 
archaeological context and, during this investigation, catfish 
(Tandanus tandanus) has only been recorded elsewhere from site 
TMC 11 and in sites associated with the Teryawynia Creek system. 
However, all of the species present occur to-day in the Murray-Darling 
River system (Merrick & Schmida 1984).
iii) Red sand surfaces
Twenty-two of the sites associated with Teryawynia Creek were 
recorded from surface sands, which were present as a soil unit 
consisting of red sand grading downwards to a buff-coloured sand with 
carbonate nodules. The red soil usually formed the western margin of 
the lakes. Preservation of faunal material in these sediments is similar 
to that in other sites on red soil surfaces in the lower Darling region. 
The shell is highly fragmented and is distributed in an apparently 
continuous scatter. Faunal remains other than shell are not present. 
Stone artefacts, including grindstone fragments, are present on these 
surfaces but their relationship to the midden material is never clear.
iv) Brown sand mixed with clay
Sixteen recorded sites were eroding from brown sands which were 
often mixed with grey clay. The origin of these sediments is not clear, 
but they formed the western margin of some lakes (Dry Lake and Long 
Lake) and occurred in some area of the western margin of most of the 
lakes, and bordered the margins of many connecting channels. In 
some places (eg. RAT 8) these sediments can be seen to lie above clay 
units and a red soil. Evidence supporting at least a partially fluviatile 
origin for these sediments is their high clay content and the presence, 
at BBL 6, of gravel and a lens containing the small gastropod Plotiopsis 
balonnensis, marking a lacustrine interval, following a rise in water 
level, above the red soil of the western margin of the lakes.
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The brown sand is generally not eroded and archaeological material 
is normally visible only in gullies within the lake margins, or through 
disturbance of the deposits by rabbits attracted to the sand. In section, 
the archaeological material is continuous, consisting of shell 
fragments (often encrusted with secondary carbonate) and bone 
fragments.
At one site (WAT 23) a midden section has been exposed by sheet 
erosion on a small promontory, adjacent to the mouth of Teryawynia 
Creek, where it enters Brummeys Lake. This residual covers an area of 
about 20m^ and shell fragments are exposed in a section from the 
surface to a depth of 20cm. No other faunal remains or stone artefacts 
were seen in the section, but baked clay fragments were present. 
Sandstone grindstone fragments, a large quartzite mortar with flaked 
edges and silcrete flakes were also found on the surface of the residual. 
These artefacts may post-date the midden as their association with it 
cannot be firmly established.
In general archaeological material from these sites appears in 
section to be continuous. The following sites were designated from 
these sediments. BBL 6, BBL 7, BBL10, NAL 7, NAL 8; RAT 8, SAL 9, 
WAT 2, WAT 9, WAT 15, WAT 16, WAT 18, WAT 21, WAT 22, WAT 
23, WWL 1, WWL 2.
v) Beaches
Archaeological sites with organic remains were also exposed in 
beach sediments. In this area, beaches were characterised by the 
presence of coarse, well-sorted, usually brown sands, which occurred 
mainly on low-lying peninsulas projecting into the lakes. Seven sites 
(SAL 15, BBL 8, BBL 9, RAT 1, WAT 13,WAT 19 and WAT 26) were 
recorded from beach sands and generally speaking organic remains 
appear to preserve well in this environments. All the sites were 
considerably disturbed and archaeological material is no longer in its 
original depositional position in the unconsolidated sandy sediments.
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The largest beach exposure is that in which RAT 1 was established. It 
was initially recorded by H. Allen who collected from two areas within 
it during his field trip in 1969. His surface collections were made 
within measured squares, one 4ft x 4ft and a second 20ft x 20ft. A third 
collection was made during this project, within a 10m x 5m square, 
using the technique of sweeping and sieving the surface sands. This 
procedure was fairly simple, as the unconsolidated beach sands rest on 
a strongly indurated carbonate-rich horizon. A hand-auger hole 
through about 20 cm of this carbonate-rich horizon encountered older 
beach sands.
The rich and diverse fauna recovered from this collection is listed 
in Appendix 2. The difficulties of establishing synchrony of material in 
exposed beach deposits is obvious. Two radiocarbon dates were 
obtained from shell collected from the site. One of these, determined 
on material submitted by Allen, produced a radiocarbon age of 7170 ± 
110 years BP (ANU-949) and the other, from shell collected during the 
present project in 1981, gave a radiocarbon age of 7440 ± 100 years BP 
(ANU-3010). Following Chappell (1982) the difference between these 
dates was tested with the z-statistic. A z-score of 1.816 suggests that the 
two ages are not significantly different.
The other sites established for beach sediments are in much smaller 
exposures than RAT 1. However, like RAT 1, the variety of species 
recorded from them is diverse.
Summary of the archaeology of the period 9,000 - 5,000 years BP.
Archaeological sites containing aquatic fauna and representing the 
interval 9,000-5,000 years BP, occur in a number of distinct 
geomorphological situations. Within lunettes, source-bordering dunes 
and (to a lesser extent) beach deposits, where preservation is good,the 
faunal remains present are diverse. Aquatic fauna occurring in these 
sites, and not elsewhere in the lower Darling system, include two
A
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species of fish, bony bream (Nematalosa erebi) and spangled perch 
(Leipotherapon unicolor) and turtle (Chelidae). Catfish (Tandanus 
tandanus), is present at only one other site in the lower Darling system 
(TMC 11). Waterbirds were also more common in these sites.
Unlike other recorded sites in the region, archaeological sites 
representing this time period did not appear as small scatters with 
clearly discernible boundaries. They were all continuous deposits, 
whose boundaries were defined solely by the lateral extent of their 
preserving sediments. In addition, shell middens on lunettes appear 
not as thin lenses, but as extensive beds 20-30 cm thick. It could be 
argued that this mode of occurrence principally reflects low rates of 
sedimentation however, this view is not consistent with the narrow 
range of radiocarbon dates obtained from shell from these sites and the 
relatively good preservation of the organic material also implies rapid 
burial, by successive accumulation of numerous layers of shell.
4. The period 5,000 Years BP to present
Thirty-four archaeological sites containing aquatic fauna attributed 
to this time period occur in four geomorphological situations:
i) lunettes
ii) source bordering dunes
iii) red sand surfaces and
iv) flood deposits.
i) Lunettes
Only 2 sites ascribed to this time period were recorded within 
lunette sediments. Shell from one of these (MNL I), found on the crest 
of the Menindee lunette, yielded a modern radiocarbon date of 230 ± 80 
years BP (ANU-2923). This site was manifest as a scatter of fragmented 
Velesunio ambiguus , on recent mobile orange-brown sand. The 
scatter extended over a total area of 5m^ but, within this, most
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material was concentrated over about lm^. This area of concentration 
was excavated in a measured lm^ to a depth of 10cm, where the sand 
was barren of archaeological material. Only shell and charcoal were 
recovered from this excavation. The mussel shells were elongate, 
which indicates that they grew, and were originally collected from 
deep water, subject to current action (Walker 1981). Although 
relatively small, the shells were of similar size, suggesting that they 
were part of a single collection, a conclusion supported by their 
matching growth ring patterns (Feary 1981).
The second lunette site (CDL 1) was one of many hearths visible in 
section along the lakeside of the Lake Cawndilla lunette, which had 
been exposed by slumping of the front face of the lunette following the 
raising of water levels in the lake which is part of the Menindee Water 
Storage Scheme. The site is the remains of a small hearth (in section 
about 50cm long) containing charcoal, ash and burnt sand. Two 
charred unidentifiable fish vertebra were found within it. A 
radiocarbon date on charcoal collected from the hearth produced a date 
of 340 ± 80 years BP (ANU-2519).
ii) Source-bordering dunes
Sites found within source-bordering dunes and attributed to this 
interval occur in four geographical locations. However, the sediments 
of only one of these dunes (sites MAL 1, MAL 2 and MAL 3) are likely 
to have derived from the existing Darling River channel. The 
sedimentary material of the source-bordering dunes containing the 
remaining four Holocene sites (KGE 2, TMC 11, DWK 4 and DWK 9) 
came from the Pleistocene channel.
The source-bordering dunes in which the Holocene archaeological 
sites KGE 2, DWK 9 and TMC 11 are situated showed evidence of soil 
development, but lacked exposures of the red and brown horizons 
which typify similar dunes that contain Pleistocene archaeological
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material. Within the dunes with Holocene sites, recent pale-yellow 
aeolian sands rest on a palaeosol with an upper sub-unit of compact 
fine, buff-coloured, sand overlying a similar sub-unit that bears 
carbonate nodules. Archaeological material was scattered over the 
surface of the carbonate horizon but was finely fragmented, and had 
probably eroded from the compact buff sand. A radiocarbon date from 
TMC 11 produced a date of 3,220 ± 80 years BP (ANU-3007). Shell from 
KGE 2 and DWK 9 was too finely comminuted to obtain a date but the 
comparable stratigraphic position of these sites to TMC 11 relates them 
to the same time interval.
The large blowout within the dune containing TMC 11 is about 
100m long. Faunal remains are most abundant at its northern end. 
Material was collected from the site using the sweeping technique 
within a 10m x 5m grid. The species from the collection (Appendix 2) 
were diverse but, because the site is highly disturbed, an archaeological 
ascription of non- aquatic fauna is not possible. The three fragments of 
the ringtail possum (Pseudocheirus peregrinus) are of interest because 
the species is unknown from fossil or present day records from the 
Murray-Darling region.
A fourth site (DWK 4) within a source-bordering dune in the area 
adjacent to both the existing and the Pleistocene channels of the 
Darling River was discovered in 1966, by Mr N. Farrer, then the lessee 
of Bootingee Station. This is the site referred to in Chapter 3 which was 
excavated by G. Pretty in 1968. The dune appears to be uneroded and 
rises as a low, vegetated sandy mound above the dark-grey flood 
sediments. Pretty (1981) identified only one occupation horizon, 
extending from between 5-12 inches below the present surface.
Material recovered by Pretty from this excavation included 6 retouched 
pieces and 30 flakes of quartz, quartzite, chert and silicified limestone, 
as well as 6 sandstone grindstone fragments. Few faunal remains were 
found but he identified shell fragments and skeletal remains of animal 
as well as a bone fragment which "appears to be a mid-section of a 
human long bone - fragment only" (Pretty 1981 p 56).
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Pretty obtained four charcoal dates from the site. Two were on 
charcoal collected within hearths lying 2" - 8" below the surface. One of 
these was a a modern date (ANU-408) and the other yielded an age of 
790 ± 80 years BP (ANU-409). A third date of 320 ± 150 years BP (ANU- 
410) was obtained from a charcoal lens at the base of the excavation 
and about 14" below the surface. The fourth date, of 8,340 ± 320 years 
BP (ANU-411), was from bone recovered in an auger hole about 5" 
below this and not associated with archaeological remains.
The earliest radiocarbon date, which is older than the archaeological 
material, gives the general age of the dune, which bordered the 
ancestral channel. An apparent anomaly exists between the dates 
obtained from ANU-409 and ANU-410 as the latter gave a significantly 
younger age, although it came from a lower stratigraphic horizon. It is 
not necessary to attribute this inconsistency to contamination as 
disturbance of the upper sediments would be expected if people were 
intermittently camping on the sandy upper sediments of the dune 
over a prolonged period.
A few minor source-bordering dunes have been found directly 
associated with the modern Darling channel on Black Gate Station. 
These occur within the Site Designation Area MAL. They are low and 
made up of white to buff-coloured fine-grained quartz sand. No soil 
development was identified in the dunes but the underlying grey clay 
flood deposits are exposed in blowouts. The surfaces of this clay were 
littered with baked clay hearthstones, grindstones and other artefacts, 
including large cores, small shell fragments and pieces of human bone. 
The recorded sites MAL 1, MAL 2 and MAL 3 were well-defined 
surficial midden areas, that have recently eroded from the sands of 
these dunes. MAL 1 consisted of two areas about 2m^ and 10m apart 
and each covered with shells of the river mussel A la th y r ia  ja ckso n i . 
These remains were heaped to a thickness of two to three valves in the 
central part of the patches and shell collected from one of these 
concentrations produced a modern radiocarbon age of 99.2 ± 0.9% years 
BP (ANU-2998).
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The site recorded as MAL 2 was in a similar stratigraphic position to 
MAL 1 but covered a 4m^ area and the fauna was dominated by the 
gastropod species Vivipara sublineata Archaeological material at 
MAL 3 was more fragmentary than at either MALI or MAL 2 and 
covered a much larger area (about 10m x 20 m). Alathyria jacksoni 
and Vivipara sublineata appear to be present in roughly equal 
numbers in MAL 3.
Hi) Red sand surfaces
Sites younger than 5,000 years BP were recorded from red sandy 
surfaces at 4 locations. One is on Talyawalka Creek at Cockatoo 
Waterhole. It is an extensive scatter of shell on a deflated red soil that 
forms the banks of Talyawalka Creek at this point. Although very 
fragmented, the shell scatter is 2-3m wide and extends for about 150m 
along the riverbank. Shell collected from this site produced a 
radiocarbon age of 2,380 ± 90 years BP. This solitary recent date for 
material associated with the Talyawalka Creek probably defines an 
episodic period of flooding that caused the modern Darling River to 
overflow into the area of the ancestral channel.
Late Holocene dates have also been recorded for sites on the western 
side of Lake Cawndilla. Shell fragments appear to be distributed 
continuously on the western side of the lake, as they are exposed in all 
areas of shallow erosion. At site CDW 3, shells were exposed within a 
residual consolidated by the roots of a bluebush (Maireana sp.). This 
residual was oval, with a maximum width of about 2m and a length of 
4m along its upper surface. Surface sands were removed from this 
residual to the level of the shell lens. The excavation revealed a 
surface of a layer of shell valves and fragments varying in thickness 
from l-5cm. The remnants of a hearth, consisting of charcoal and 
burnt clay fragments was found at the western end of the residual.
The remaining sites on the western side of Lake Cawndilla resemble 
other sites located on red soil surfaces elsewhere in the region and
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consist of shell fragments scattered over wide areas. Two have 
radiocarbon dates associated with them. They are CDW 1 (3,890 ± 90 
years BP, ANU-2312) and CDW 3 (4,560 ± 120 years BP, ANU-3288), 
dates that are significantly different (z-score 3.716).
Additional middens associated with late Holocene dates, and located 
on red sand surfaces, occur along the modern Darling River channel 
in the MAL Site Designation Area and at the junction of Talyawalka 
Creek and the Darling River in the DEA Site Designation Area. They 
do not differ in any obvious way from the sites described above and are 
not discussed further.
iv) Flood deposits
The area surrounding the existing Darling River channel consists 
almost entirely of floodplain deposits and is therefore a vertically 
accreting surface. As these sediments are virtually uneroded, any 
material that may have been preserved by rapid deposition of flood 
deposits is not as a rule accessible. However, 13 archaeological sites 
were recorded from shallow erosional patches within these deposits. 
These are located in Site Designation Areas DEV, DWB, DWK and 
MAL. All these sites were exposed either in vehicle tracks or small 
claypans and consisted of small quantities of shell. The molluscan 
remains were generally fragmented and at only one site, where faunal 
remains other than shell were present. This was at site DWK 7 which 
had been recently exposed in a vehicle track, in October 1981. Shells 
were exposed along 20m in one wheel rut but were concentrated in 5 
separate areas. In three of these areas the dominant species was the 
river mussel (Alathyria jacksoni) and in the other two concentrations 
the gastropod Vivipara sublineata was the most abundant form. A 
small excavation of 25cm^ within one of these gastropod 
concentrations produced bone fragments of an individual duck 
specimen (Anas sp. cf. A. gibberifrons).
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Radiocarbon dates were obtained from three of the sites recorded 
from modern flood deposits. These were DWK 1 (710 ± 90 years BP, 
ANU-2651), DWK 3 (580 ± 75 years BP, ANU-2757) and MAL 5 (550 ± 70 
years BP, ANU-3289). These dates are consistent with the position of 
the sites.
Summary of the archaeology of the period 5,000 years to present.
The absence of adequate exposures bordering the modern Darling 
River channel makes it impossible to construct a coherent picture of 
the use of this channel during the late Holocene. Indeed, there are few 
well-preserved sites representing the period since 5,000 years BP, as 
they seldom occur in the sequences of lunettes associated with the 
existing channel. The failure to recover archaeological material from 
the lunettes is puzzling, if the younger units of these dunes were 
deposited during the past 5,000 years. Conceivably there has been little 
deposition within the lunettes over the last 5,000 years and most of the 
existing sediments are relicts of an ancient drainage system that pre­
dated the Talyawalka Creek channel. On the other hand, all these 
lunettes have been sharply truncated along their lakeside margins by 
the artificially high waters maintained by the Menindee Storage 
Scheme. This part of the lunette appears to be the favoured position 
for m idden campsites elsewhere in the region, so that archaeological 
sites have possibly been removed by mass erosion. Another possible 
explanation is that over the last 5,000 years the lakes may rarely have 
filled for sufficient periods to allow the growth of mussels to a 
croppable size.
Discussion of the fauna represented in the sites,
Before a discussion of the use of the aquatic resources in the lower 
Darling region is possible, it is necessary to consider the various factors 
that may account for changes with time in the species composition of
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faunal remains represented in the archaeological sites. The most 
obvious of these is the selective control on preservation exercised by 
the circumstances under which the material was initially deposited, 
which were in turn governed principally by geographic location. Other 
important variables are ecological tolerances of the animals providing 
the food resources and their accessibility in relation to the technical 
equipment available to their gatherers.
To separate some of these factors two series of charts are included 
for each of the major fauna categories viz. molluscs, fish, Crustacea, 
macropods, bandicoots, possums, murids, birds and reptiles (Figures 
6.9 - 6.22). The first of these chart categories (Figures 6.9, 6.11, 6.13, 6.15, 
6.17, 6.19 and 6.21) shows the percentage of sites containing each 
species recorded from five different landforms - lunettes, source- 
bordering dunes, sand-plains, grey flood deposits and beach deposits. 
The second series (6.10, 6.12, 6.14, 6.16, 6.18, 6.20 and 6.22) shows the 
percentage of sites containing each species recorded from sites 
representing each of the four time intervals discussed: i.e. 27,000 - 
22,000 years BP, 18,000 - 9,000 years BP, 9,000 - 5,000 years BP and 5,000 
years BP to present. To avoid misleading conclusions from small 
samples, only faunal species which were present in at least 5% of sites 
in each category are presented. This explains the differences in species 
included in both graphs for the same fauna category. None of the 
marsupial carnivores were present in sufficient numbers to be 
included here. The vernacular names together with their present day 
habitat preference and a discussion of the status of the species included 
in these charts are given in Appendix 1.
The figures showing the distribution of faunal species in each 
landform further emphasise the superior preservational environment 
of lunettes, and to a lesser extent source-bordering dunes and beach 
deposits, over sand-plain and alluvial deposits. The clearest 
correlations, which cannot be accounted for by preservational 
differences, are the associations of Velesunio ambiguus with lunettes 
and beaches and that of Alathyria jacksoni with source-bordering
162
dunes and alluvial deposits (Figure 6.9). This is consistent with the 
known ecological requirements of the two species as, at present, 
Velesunio is restricted to the relatively still water of lakes and 
Alathyria colonises the flowing water of rivers (Walker 1981).
The restriction of many of small macropods (Figure 6.13), bandicoots 
and wombats (Figure 6.15) to lunette and source-bordering dune sites, 
despite their relative abundance in these archaeological sites indicates 
that their remains are probably not food debris left by humans, but 
simply reflect the natural sandy habitat of these marsupials. Bones of 
Bettongia sp. were found in association with shell midden remains on 
beach and sandplain deposits as well as dunes (Figure 6.13) and this 
more random distribution indicates that bettongs were taken as food. 
Murids occur in most middens which have preserved bone (Figure 
6.17). Although this suggests that they provided a food source the 
remains may equally be those of animals that scavenged deserted 
campsites.
The most diverse fauna, was recovered from sites established 
during the time interval 9,000- 5,000 years BP. This diversity is mainly 
in the larger number of fish and bird species contained in sites of this 
period. As discussed earlier in this chapter, preservation in the oldest 
sites in lunettes is excellent so taphonomic explanations for the greater 
diversity fauna from sites representing the 9,000 to 5,000 year period 
can be ruled out. A discussion of the possible reasons for this apparent 
increase in vertebrate remains is taken up in Chapter 8. Apart from 
this, there are no important detectable variations in the aquatic fauna 
collected from archaeological sites representing a 27,000 year time 
period in the lower Darling River region which cannot be explained in 
terms of geomorphological modifications with time.
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Figure 6:9 Sites within each landform category containing each 
identified mollusc species, (only those species represented in 
5% or more of each landform categories are included)
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Figure 6:10 Sites within each time interval containing each identified
mollusc species, (only those species represented in 5% or more of 
each time interval are included).
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Figure 6:11 Sites within each landform category containing each
identified fish and crustacean species, (only those species represented 
in 5% or more of each landform categories are included). 1
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Figure 6:12 Sites within each time interval containing each identified fish
and crustacean species, (only those species represented in 5% or more of 
each time interval are included).
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Figure 6:13 Sites within each landform category containing each
identified macropod species, (only those species represented in 5% or 
more of each landfonn categories are included).
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Figure 6:14 Sites within each time interval containing each identified
macropod species, (only those species represented in 5% or more of each time 
interval are included).
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Figure 6:15 Sites within each landform category containing each
identified possum, wombat and bandicoot species, {only those
species represented in 5% or more of each land form categories are included).
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Figure 6:16 Sites within each time interval containing each identified
possum, wombat and bandicoot species, (only those species represented 
in 5% or more of each time interval are included).
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Figure 6:17 Sites within each landform category containing each
identified murid species, (only those species represented in 5% or more of 
each landform categories are included).
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Figure 6:18 Sites within each time interval containing each identified
' murid species, (only those species represented in 5% or more of each time
interval are included).
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Figure 6:19 Sites within each landform category containing each
identified bird species, (only those species represented in 5% or more of 
each landform categories are included).
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Figure 6:20 Sites within each time interval containing each identified
bird species, (only those species represented in 5% or more of each time 
interval are included).
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Figure 6:21 Sites within each landform category containing each
identified reptile and amphibian species, (only those species 
represented in 5% or more of each landform categories are included) . ,
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Figure 6:22 Sites within each time interval containing each identified
reptile and amphibian species, (only those species represented in 5% or 
more of each time interval are included).
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Chapter 7
A RIVERINE AND LACUSTRINE ECONOMY
Distributions of archaeological records of organic food remains in 
late Pleistocene and Holocene sequences of the lower Darling region is 
extremely sporadic. Their spatial and temporal localisation results 
chiefly from the specialised sedimentological and geochemical 
conditions necessary to preserve them. This means that although 
middens are common they represent only an intermittent record of the 
past use of aquatic resources by humans.
Preservational differences between the major geomorphic units in 
which they occur means that sites cannot necessarily be directly 
compared in terms of their contents and structure. Faunal remains 
other than shell are only ever well-preserved in lunettes and source- 
bordering dunes and even in these sequences they are often degraded. 
Within individual lunettes and source-bordering dunes the quality of 
preservation between sites may also vary markedly. Undoubtedly 
many more intact sites once existed. This is attested by the presence of 
fine shell fragments, in association with other more resistant faunal 
remains, scattered over surfaces of blowouts in lunettes and source- 
bordering dunes.
However, lunette and source-bordering dune successions do not 
occur throughout the whole sequence represented by archaeological 
sites and some intervals, especially in the latest Pleistocene and 
Holocene, are represented only by surficial and floodplain sites. The 
oldest known incontrovertible archaeological site in the lower Darling 
region is about 27,000 years BP, and there are significant subsequent 
periods of late Pleistocene and Holocene time that are not represented 
by any known faunal accumulations of food remains. These are the 
intervals 22,000-18,000 years BP, 11,000-9,000 years BP, 5,000-3,000 years 
BP and 2,000-1,000 years BP. Records from 17,000-15,000 years BP and 
from 5,000 years BP to the present are also fairly sparse, as few sites
from these intervals contain faunal remains other than mussel shells. 
In addition, poor preservation of organic material from sites 
representing the interval 14,000-11,000 years BP makes their 
interpretation difficult.
In effect, therefore, attempts to reconstruct past patterns of the use of 
natural food resources in the lower Darling must rely, virtually 
entirely, on evidence relating to the periods 27,000- 22,000 years BP and 
9,000-6,000 years BP. The earlier of these intervals falls in the late 
Pleistocene and the later in the early part of the Holocene.
The Late Pleistocene - a foraging economy
Most of the best preserved faunal remains collected during this 
project came from sites dated within the interval 27,000-22,000 years 
BP. They were located within the Tandou lunette sequence, in the 
main from the base of Bootingee sediments near its contact with the 
Tandou Unit. Here many of the associations comprise well-preserved 
in situ remains of shell, bone and carapace of freshwater crustaceans, 
as well as charcoal from hearths. Small numbers of skeletal fragments 
from terrestrial mammals are present in some of the sites (Appendix 
2), but the predominance of the remains of aquatic animals is 
characteristic of all of them. This is to be expected, as all the sites are 
preserved in situations adjacent to lakes and the food relicts that they 
contain almost certainly reflect availability rather than primary 
consumer selectivity.
The most typical late Pleistocene archaeological site consists of a 
small accumulation, covering about 2m^, of bivalve remains 
(Velesunio ambiguus) which is thickest near its centre but seldom 
with more than 2-3 layers of valves. Some less well-preserved sites (e.g. 
TNL 9) consist of a dispersed scatter of broken shell but very few other 
associated organic remains.
Animal remains other than those of molluscs predominate at a few 
sites. The most important are the Casuarina Ridge North site (TNL 36) 
and the Shell Date site (TNL28) where golden perch (Macquaria 
ambigua) is the main species, the Yabbie Kill site (TNL 31) where 
carapaces of the crustacean Cherax destructor dominate the fauna and 
the Major Swale Perch site (TNL 20) where the remains of golden 
perch, shellfish and crustacean appear to be present in almost equal 
proportions. These accumulations resemble the mussel sites in that 
they characteristically consist of a cluster or isolated mound of faunal 
remains. Except for TNL 20 their faunas contain few remnants of 
animals other than those of the dominant form. Faunal variety in a 
site is closely related to its degree of dispersal. Closely defined sites are 
usually virtually monospecific, whereas those that are more wjdely 
dispersed and lack clear boundaries often contain more than one 
species.
The Major Swale Perch Site (TNL 20) is especially significant as it is 
the only Pleistocene site in which more than one faunal species is 
abundant. Remains of Velesunio ambiguus, Cherax sp. and Macquaria 
ambigua are all equally common.
Distribution of archaeological material collected from TNL 20 is 
shown in Figures 6.3, 6.4 and 6.5. In these, the three common species 
are represented as a proportion of the total numbers present. These 
diagrams show that although fragments of the main species are 
scattered over the whole site, the remains of each are particularly 
concentrated in two separate areas. Although it is difficult to match 
otolith pairs or reconstruct shells from fragments, some evidence for 
the absence of significant post-depositional dispersal is provided by the 
occurrence of the smallest two otoliths (a right and left otolith) in the 
same square (2N 0E) and the discovery in a single square (2N IE) of two 
halves from the same otolith, broken in antiquity. In contrast to the 
remains of shellfish, perch and crustaceans, those of murids appear to 
be randomly distributed over the area of the site (Figure 6.6). This 
pattern is consistent with the concept of a site in its original condition,
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as the presence of murids is almost certainly not related to the original 
deposition on the site.
This distribution pattern where the remains of each species are 
individually clustered at site TNL 20 suggests strongly that this site 
contains the residue of food gathered either on at least two separate, 
possibly closely spaced, foraging expeditions, or simultaneously by 
three parties from the same camp. The site therefore probably 
represents a short-term camp, used to process and eat the food 
provided by the foragers. The small quantities of other faunal remains 
present (if they are indeed remains of food and not simply those of 
local faunal elements that fortuitously died at the site) may represent 
animals that were collected secondarily during the main foraging 
expeditions.
Foraging expeditions which focus on the collection of a single 
animal species are a common method of food-gathering among 
m odern hunter-gatherer societies. O'Connell and Hawkes (1981) 
described such expeditions amongst the Alyawara people in central 
Australia, where the primary purpose is to gather a specific animal but 
in which other species are also taken if they were encountered. Hawkes 
and O'Connell use a model drawn from Optimal Foraging Theory to 
explain the diet choices of the Alyawara. They argue that the choice of 
foods collected by the Alyawara can be predicted by weighing the 
benefits (measured in the kilocalories of energy) against the costs of 
collecting the food (measured by the time spent in searching, gathering 
and processing the foods). While this model does not consistently 
accurately predict the choice of food taken, their results nevertheless 
indicate that the Alyawara do not forage randomly.
Meehan (1982) discussed the use of similar practices by the Anbarra 
people of north-eastern Arnhem Land, Northern Territory. Her 
observations were made while recording shellfish-gathering 
techniques employed by Anbarra people who had abandoned 
settlement life and returned to their own tribal land. Amongst this 
group " the gathering strategy in which the gatherers focussed on to
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one species was a conscious part of Anbarra behaviour. People, 
especially mature women, were quite explicit and vocal about it" 
(Meehan 1982, p71).
Shellfish from each Anbarra foraging expedition therefore 
represented mainly a single species. These were then cooked together 
in one place and their remains left as a single discrete mound of shell. 
During foraging expeditions the Anbarra consume much of their food 
away from their home base, at a series of short stop-overs where they
make "dinnertime camps". The remains of these "are......... simple in
structure consisting of a cleared area, one or two hearths and discrete 
piles of shellfish and other debris located on the periphery of the 
camp" (Meehan 1982, p 114). Figures 17 and 18 in Meehan (1982 pp. 112- 
113) illustrate this pattern clearly. Meehan (1988 p 179) reports that 
dinnertime camps can be occupied more than once resulting in a 
greater diversity of food remains. As well, a single occupation 
following a foraging collection drawing on a number of species may 
produce a diversity of remains.
The remains of food collected which were not eaten at these 
dinnertime camps were brought back to the home bases . . ."which are 
the places where Anbarra people live for extended periods; where they 
sleep, eat breakfast and an evening meal." (Meehan, 1988 pl72). While 
only a small quantity of the food eaten is brought back to the home 
base (Meehan, 1988 estimates about 25%), the debris present at these 
places represent a much more diverse range of species than any of the 
dinnertime camps because some remains of most of the foraging done 
is brought back to the home base.
Meehan (1988) suggests that the remains of dinnertime camps and 
home bases can therefore be distinguished by;
1. Their size - where home bases are much larger than 
dinnertime camps
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2. The number of species represented at the sites - where home 
bases contain the greatest diversity of species.
3. the quantities of each species - where if the use of dinnertime 
camps is common, fewer numbers of each species are present at 
the base camps.
Obviously an unequivocal analogy cannot be drawn between the 
Pleistocene occupants of the Darling River area and hunter-gatherer 
groups of today, if for no other reason than the long interval of time 
that separates them. However, the identical patterns of disposal of food 
refuse in the ancient Darling River sites where the most typical 
archaeological sites is a small concentration of primarily a single 
species, strongly suggest that they accumulated in the same way.
Further support for this conclusion is provided by a study of 
shellfish valves from MNL 1, a site with very clearly defined 
boundaries. An investigation of the growth rings of these was 
undertaken as part of a B.A. Honours project by Ms S. Feary of the 
Department of Prehistory and Anthropology, School of General 
Studies, ANU (Feary 1981 unpublished), who showed that patterns of 
growth rings on the valves of freshwater bivalves are potentially 
useful as a guide to the contemporaneity of the shellfish remains 
present in an archaeological site.
Feary examined the possibility of interpreting the pattern of growth 
rings on the shells of freshwater mussels, in order to determine the 
season of their exploitation. She concluded that, because bivalve 
growth rates respond sensitively to several physio-chemical factors, it 
not possible to separate patterns reflecting temperature minima from 
those caused by other variables. However, if the valves are especially 
well-preserved (particularly at their outermost margins) it is possible to 
recognise similar patterns of growth within a site collection that imply 
that the specimens were collected from the same environment, at the 
same time. At the shell midden recorded as MNL 1 well-preserved 
valves of mussels occurred as a discrete mound, concentrated in an
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area of about lm^ with a few dispersed fragments lying within a radius 
of about 2m from its centre. Intact shells from this midden exhibit 
similar peripheral growth patterns, and by matching these Feary (1981 
unpublished, p. 62) confirmed my proposition that the midden at MNL 
1 represented a single collection event.
Size of Pleistocene hunter-gatherer groups
The interpretation of many of the Pleistocene sites as accumulations 
of the debris of single foraging expeditions, implies that, at times, very 
large numbers of individual animals were collected in a short space of 
time. This applies especially to those sites where fish and crayfish 
predominated. Shellfish sites are usually smaller.
Quantitative estimates have been made at some of the key sites of 
the number of individual specimens present. Such assessments are 
fairly subjective and can at best be only gross approximations. They are 
likely to be conservative, in view of the probability that some of the 
original material has disintegrated or been dispersed. Methods used to 
make these estimates varied, dependent on the animal species present 
and the condition of the remains. Techniques applied at individual 
sites are described briefly in the discussion that follow. The sites at 
which quantitative estimates were made were as follows:
1) TNL 20: radiocarbon age 22,050 ± 440 years BP.
2) TNL 28: radiocarbon age 24,100 ± 400 years BP.
3) TNL 31: at the base of the Bootingee unit. Estimated age of 22,000 
- 27,000 years BP.
4) TNL 36: radiocarbon age of 24,650 ± 600 years BP.
T N L  20 - The M ajor Swale Perch Site
Spatial distribution of the material in the Major Swale Perch site 
(TNL 20) has already been discussed above in this chapter and has been 
discussed and illustrated in Chapter 6 (see Figures 6.3, 6.4 and 6.5). Total 
weight of the shell fragments present is not a reliable indication of the 
number of individual mussel specimens present, as the shells vary 
widely in size and shape (Walker 1981 p.12). It does, however, provide 
a useful basis for comparing the distributions and relative amounts of 
shell present at different sites. A total of 5,866g of shell was collected 
from the Major Swale Perch site.
Apart from a single otolith of a barcoo grunter (Scortum  bar coo), 
golden perch (Macquaria ambigua) was the only fish species 
represented at the site. A few remnants of bone were present but 
otoliths were by far the most abundant skeletal elements. A total of 488 
otoliths were recovered from the collections; 251 right otoliths and 237 
left. This demonstrates that a minimum of 251 golden perch specimens 
were taken during one foraging excursion; by no means an 
inconsequential number. In addition to the fish remains, 1071 
crustacean gastroliths were counted in the collection from TNL 20 and 
these presumably represent at least 536 individual crayfish.
T N L  28 - Shell Date Site.
Material from this site was not collected in situ  , but was swept from 
the hard surface of the Tandou Unit. Because of this, there is less 
certainty that the remains can be attributed to a single expedition. 
Unlike TNL 20, no fish bone has survived at TNL 28, which suggests 
that the remains have been exposed for some time. Otoliths of the 
golden perch (Macquaria ambigua) are the most common faunal 
elements represented. A total of 404 were recorded including 268 right 
and 136 left and representing at least 268 individual fish specimens.
Cherax destructor, a freshwater crayfish, is the next most common 
species at the Shell Date site but the numbers represented are not
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comparable with those of fish, and only 22 individuals (based on the 
presence of 43 gastroliths) were collected. This may indicate that the 
site is an amalgamation of several collecting episodes, perhaps widely 
separated in time. Excavations into Bootingee sediments at TNL 28 
reached the surface of the Tandou Unit without finding the source of 
the archaeological material. This again emphasises the problem in 
analysing open sites of this type in which it is very difficult to be 
confident that the material was originally synchronous.
TNL 31 - Yabbie Kill Site
This site consists of a scatter of faunal remains over the surface of 
sediments of the Bootingee Unit near its contact with the underlying 
Tandou Unit. A number of species were collected using the techniques 
described in Chapter 6 but, of these, only freshwater crayfish (Cherax 
destructor) is present in sufficient quantities to be confident that it had 
an archaeological origin.
The fragments of crayfish remains consist entirely of fragments of 
charred carapace which suggests that the animals were collected after 
the formation of a new carapace and prior to the development of fresh 
gastroliths (Scott and Duncan 1967). The most robust and easily 
recognisable parts of Cherax carapace are the chelipeds but, because 
sometimes only the tip of the claw is intact, it was not always possible 
to separate the dactylopodite from the propodite. In total, 162 chelipeds 
were counted so that, after separating these into right and left and, 
where possible, accounting for size differences, it is clear that a 
minimum of 68 individuals is represented at the site. This again 
demonstrates that substantial quantities of food were collected during 
a single expedition by the prehistoric inhabitants of the area.
TNL36 - North Casuarina Ridge
This site was first observed as a linear exposure of charred bone 
about 5m long, in a section of a residual on the Tandou lunette. Its 
excavation has been described in Chapter 6 and the material is
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indubitably synchronous, as it was excavated from sediments in situ  . 
The fauna recorded from the excavation consists almost entirely of 
golden perch remains, in association with minor quantities of broken 
mussel shell, a portion of a bettong molar, a piece of bone from A nas  
sp., 2 fragments of Cherax destructor carapace and a macropod tail 
bone. This lack of variety in the fauna represented, the preservation of 
fine fish bone, and the concentration of the material within a relatively 
small area (over about 5m^), suggests it was a short term camp and 
probably the result of one foraging expedition.
Otoliths representing at least 357 individuals of golden perch were 
collected from the site. We have no clear idea what volume of food 
constituted a meal for the gatherers of this fish collection and it is 
therefore impossible to provide a confident estimate of how many 
people consumed the catch. However, from the numbers of specimens 
represented by the debris preserved, it seems certain that the groups 
were fairly large. Although the fish were reasonably small (fish size 
was estimated using the method outlined below, and the mode of total 
fish lengths determined from 111 complete otoliths was about 25 cm), 
and considering that the fish would not have remained edible for long 
after their capture, it does not seem likely that a group smaller than 
about 50 or 60 could eat 360 specimens without wastage.
Pleistocene gathering technologies
The quantities of fish in sites thought to represent single foraging 
expeditions indicates that they were either collected under specially 
favourable hydrological conditions, or trapped using sophisticated 
techniques. Conceivably they were gathered when lake levels were low 
and the fish populations had concentrated in small pools. Otherwise it 
must be assumed that efficient methods employing nets or traps were 
used.
A clue to the methods of capture is apparent in the otolith collection 
made during the excavation of the Major Swale Perch Site (TNL 20).
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This lies in the remarkably constant size of the individual otoliths, 
which in turn suggest that the fish may also have been about the same 
size. As a control, the relationship between otolith size and the length 
of the fish that produced them has been studied in a sample of 106 
specimens of golden perch collected from the Murray River by 
members of the Department of Zoology, University of Adelaide. The 
published results of this study (Balme 1983-attached as Appendix 3) 
show a strong correlation between the two dimensions, which enabled 
the establishment of a multiple regression equation, relating total fish 
length to otolith measurements [calculated fish length = -4.429258 + 
(0.5255047 x measurement 1 shown in Fig. 3 of Balme, 1983) + (2.300627 
x measurement 2 shown in Fig. 3 of Balme, 1983) + (.0.6728756 x 
measurement 3 shown in Fig. 3 of Balme, 1983) + (3.389213 x 
measurement 4 shown in Fig. 3 of Balme, 1983). This equation was 
applied to otolith collections from the Major Swale Perch site (TNL 20), 
the North Casuarina Ridge site (TNL 36) and the Shell Date site (TNL 
28). Histograms that illustrate the distributions of fish by size at each 
site are shown in Figure 7.1. The size distribution, in terms of length of 
fish specimens from TNL 20 and TNL 28, is strongly unimodal. There 
are very few small fish and only one approaching the present day 
maximum length of 50cm. Golden perch have been recorded up to 
76cm long (Llewellyn and MacDonald 1980) and in the past they may 
have even reached bigger sizes but modern commercial fishing has 
probably prevented them reaching their potential maximum.
The maximum fish length in the Shell Date Gully site is poorly 
defined, and the frequencies are evenly distributed over a wide size 
range. While it is possible that very small fish were absent from the 
Lake Tandou populations, the unimodal patterns of fish size 
distribution at the Major Swale Perch site and the North Casuarina 
Ridge site requires some explanation.
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Figure 7.1 Length frequency distributions of golden perch (Macquaria 
ambigua) from the Major Swale Perch site (TNL 20), the North 
Casuarina Ridge site (TNL 36) and the Shell Date site (TNL 28).
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Reynolds (1976) discussed the gear selectivity for drum traps, now 
the main commercial fishing apparatus used in the Murray Darling 
Basin. He compares the "selection characteristic" of a drum net to a 
trap in which small fish escape, but all the fish above a critical length 
are retained and the length distributions of these mirror the length 
distributions of the whole population.
Gill nets, on the other hand have a different "selection 
characteristic". They are more selective than traps because they not 
only allow small fish to escape through the mesh, but fish too large for 
the mesh will not become ensnared by their gill covers (although they 
often become entangled by other projections). A typical gill net 
selectivity curve is therefore bell-shaped with its mode corresponding 
to the optimum size of the fish caught. The difference in selectivity 
between traps and gill nets is summarised in Figure 7.2.
The size of the fish caught depends in turn on the mesh size of the 
nets. This is illustrated in Figure 7.3 where the size distributions of 
golden perch caught in gill nets with mesh sizes of 1.5", 2.5 " and 5" are 
shown.
If the archaeological remains from the Major Swale Perch (TNL 20) 
site and the North Casuarina Ridge (TNL 36) site represent random 
catches, it is necessary to account for their narrow range in size by 
assuming that the population had been subjected to physiological stress 
over a fairly long period prior to capture, so that it represented 
virtually a single spawning season. This is not an impossible 
circumstance, but the coincidence of two sites of similar age containing 
well-preserved fish showing the same patterns of size distribution 
suggests that other possibilities should be examined. One is that the 
unimodality of the size distributions at the two sites reflect a particular 
trapping method, and that these distributions are consistent with the 
use of gill nets. It is perhaps of interest that the size distribution of fish 
from the archaeological sites most closely corresponds to that of the 
2.5" mesh net of the modern sample.
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Figure 7.2 Generalised selectivity curves of a drum net (adapted from 
Reynolds, 1976) and a gill net (after Hambley, 1975).
Fi
gu
re
 7
.3 
Si
ze
 d
is
tri
bu
tio
n 
of
 g
ol
de
n 
pe
rc
h 
(M
ac
qu
ar
ia
 a
m
bi
gu
a)
 
ca
ug
ht
 in
 g
ill
 n
et
s 
w
ith
 m
es
h 
siz
es
 o
f 
1.5
' 
(n
=1
9)
, 2
.5 
(n
=3
5)
 a
nd
 5
" 
(n
=3
3)
 - 
da
ta
 s
up
pl
ie
d 
by
 N
SW
 S
ta
te
 
Fi
sh
er
ie
s.
184
IS
H
 L
E
N
G
TH
185
Data on fish sizes from the Shell Date site (TNL 28) are less 
definitive (Figure 7.1), but unlike the remains at TNL 20 and TNL 36, 
material at this site is not concentrated in separate, more or less 
monospecific mounds but is more randomly dispersed over the surface 
(Chapter 6).This suggests that more than one foraging event 
contributed to its accumulation. Size distribution of fish specimens 
measured from TNL 28 do not show the pronounced modality evident 
at TNL 20 and TNL 36 and this could be interpreted as supporting the 
suggestion made above that accumulation of remains at TNL 28 
represents collections made by a number of foraging trips.
Alternatively the fish may have been collected during abnormal 
hydrological conditions, perhaps when there was little water in the 
lake, when golden perch communities could be completely harvested 
from small pools. If so, the size distribution in the collection from TNL 
28 may represent individuals from more than one spawning year and 
thus approximate that in the actual population living at the time. This 
ambiguity in the results for the Shell Date site (TNL 28) underlines the 
crucial issue in the analysis of archaeological fish remains. To be able to 
infer past fishing methods as Colley (1987) has emphasised, it must be 
demonstrated that the fish are the result of one catch.
Cultural implications of Pleistocene fishing technology
Some of the broader implications of the use of nets in the early 
period of occupation of the lower Darling River have been discussed by 
Balme (1983). These include inference that people who used nets must 
be able to make string from vegetable fibre, had a social organisation 
that allowed them time to make and maintain nets, and were aware of 
the water conditions under which netting was effective. Satterthwait 
(1987) has recently analysed in detail some of these implications. His 
paper is concerned primarily with the use of nets for catching 
terrestrial animals but much of the discussion is equally applicable to 
fishing. One of these is the amount of labour invested in net making. 
Satterthwait (1987 p. 615) estimates that, even after the necessary fibre 
has been collected, a waterfowl net 18.3m x 12.2m recorded by Eyre
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(1845 Vol 2, p. 286), with meshes of 5 cm (reported by Mitchell 1839 
Vol.2, p. 286) contains 7,500 - 9,000 m of cord and takes between 97 and 
112 days to make. This figure does not take into account the time 
consuming tasks of collecting and processing the huge amounts of fibre 
necessary to make the nets.
Hunting and fishing with nets are co-operative occupations that 
require at least two people, or more if the nets used are large. Netting 
for fish is a highly efficient technology, capable of providing abundant 
food for large numbers of people. It is, however, not one that is likely 
to have been economic unless the groups dependent on it were fairly 
big. In other words the fish meal provided by netting is an end product 
of a corporate investment in labour to make and maintain a net which 
allows people to congregate to use and secure the future use of the net. 
The labour cost is considerable but the payoff, the meal, is equally 
considerable.
The conclusion that Pleistocene social groups using the Darling 
region sites were relatively large does not depend on the acceptance of 
the view that they had developed a fish-netting technology. The 
implications of the abundance of fish remains at these short-term sites 
is the same by whatever means they were gathered. It is only necessary 
to collect large quantities of food if it is required to sustain big 
congregations of people. In fact, as netting often yields surpluses, the 
collection of fish by less efficient methods would support even more 
strongly the view that in the late Pleistocene the inhabitants of the 
Darling River region either lived in fairly large groups continuously, 
or at least occasionally congregated in sizable assemblages.
There is no clear archaeological evidence as to whether these large 
social groups were organised on a permanent or temporary basis. No 
sites which obviously represent late Pleistocene base camps have been 
found but if they existed they may have been situated on the beach 
fronts which are not now exposed or in places not associated with the 
rivers and lakes where they are unlikely to be preserved. The fact that 
fish or crayfish are the dominant in the faunal remains at the larger
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sites may indicate that substantial numbers of people congregated at 
times when these food resources were abundant and readily available. 
Pleistocene shell middens, by contrast, are small and appear to 
represent remnants of the meals of minor foraging groups, as may the 
isolated fish bones found on lunette sediments.
Early to mid Holocene sites
Unlike Pleistocene lunette sites, many of the shell middens within 
lunettes associated with the Teryawynia overflow lakes and established 
during the interval 9,000-5,000 years BP, are thick and seldom possess 
definable lateral boundaries. These have been interpreted in Chapter 6 
as shell accumulations laid down in fairly short periods of time.
Mussel shells are commonly associated with gastropod, fish, crustacean 
and waterfowl remains, as well as stone artefacts, human burials and 
baked clay hearthstones. Grindstone fragments lie on the surface of 
these shell deposits but have not been found in a demonstrably 
synchronous relationship with them. These accumulations suggest 
that the resources of the lakes were more intensively exploited in this 
period of occupation than in the Pleistocene. Possibly the early 
Holocene inhabitants used the lakes more frequently or camped along 
their shores for prolonged periods.
One well-preserved early Holocene site which does display clearly 
defined boundaries is RAT 7 which was eroding from brown 
sediments at the northern end of Ratcatchers Lake lunette (see Chapter 
6 for details). It consists of a thin layer of faunal material, strewn over 
an area of about 5m^. Eighteen animal species, none of which is 
dominant, have been identified from the site collections. They 
included 4 different kinds of fish, 7 mammals, turtle and duck as well 
as shellfish (some of which had been used as tools). The total quantity 
of faunal debris represented at this site is not large and there is no 
indication that species are distributed in a non-random pattern, 
although some caution is necessary as the material recorded was not 
then in situ. Fifteen spine fragments of the catfish (T andanus
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tandanus) were recovered. Present day catfish have been recorded to 
grow up to 900mm long and weigh up to 6.8 kg although individuals 
weighing more than 2 kg are not common (Llewellyn and Pollard,! 980 
p91). All 15 spine fragments collected from RAT 7 were examined by 
M. Rimmer of the School of Biological Sciences, Macquarie University 
who concluded that they represent fish from the upper size range of 
Tandanus tandanus found today, ie about 600mm in total length. This 
species of catfish generally inhabit sluggish water (Merrick and 
Schmida 1984 p 133). The apparent large size of the catfish at RAT 7, 
and the low numbers present, suggests that they were caught either by 
spearing or clubbing individual fish trapped in small pools. Faunal 
diversity, together with low total quantities of food debris, suggests that 
site RAT 7 was occupied by a foraging band over a number of days 
exploiting the diversity of the local environment.
Archaeological sites in early Holocene beaches and source-bordering 
dunes have not contained in situ material. For this reason it is not 
useful to provide detailed analyses of site contents. However it is 
noteworthy that the range of species represented in these dispersed 
sites is again much broader than in any of the late Pleistocene sites.
Sites within beach sediments usually contain a diverse fauna of 
bivalves, gastropods, fish bone, egg shell and mammalian fragments.
The site containing the richest early Holocene fauna is KLL 1, from 
within a source-bordering dune. The archaeological material at this site 
occurs as a concentration of archaeological material at the contact of 
unconsolidated orange sand with an underlying calcareous unit. The 
material is distributed evenly on the exposed surface of the carbonate 
in erosional areas, and from near the base of the sand unit, elsewhere. 
KLL 1 may contain material of differing ages but the range is not likely 
to be great. This is based on the observation that radiocarbon dates 
obtained from the Teryawynia overflow system fall within fairly 
narrow limits (5,940 ± 80 for WAT 6 to 7,930 ±110 for shell collected at 
KLL 1). As the site has been partially deflated, synchronous material is 
unlikely to have been transported laterally to any marked extent.
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Synchronous material would be expected to lie close in close proximity 
on the exposed surface.
The calculated lengths of 80 golden perch specimens, the otoliths of 
which were collected by sweeping the site, were measured for 
comparison with the Pleistocene fish length results. The frequency 
distribution of fish lengths from this site reproduced in Figure 7.4 was 
interpreted in Balme (1983) to most closely approximate that produced 
from a trap shown in Figure 7.2. I now have strong doubts about the 
appropriateness of this interpretation. These doubts are raised on 
methodological grounds because the faunal remains from KLL 1 are 
not demonstrably the result of a single foraging collection. Without 
this information the curve can be interpreted in a number of ways - 
possibly resulting from the use of a trap but it could equally represent 
the results of a number of catches perhaps using different fishing 
methods.
While I now believe that it is not appropriate to draw conclusions 
about fishing technologies from the distribution of fish lengths at the 
Kaleentha Loop site it is nevertheless worth speculating on the fishing 
technologies most appropriate to the specific ecological conditions at 
the site. Apart from the golden perch, 4 cod, 6 bony bream, 1 grunter, 2 
silver perch and 14 catfish were also collected from KLL 1. These 
numbers represent minima as they are based on counts of otoliths, 
which are the most commonly occurring skeletal elements, although 
bone fragments are also present. No modern collection was available to 
serve as a basis to establish a relationship between otolith dimensions 
and total size for species other than golden perch. Flowever, modern 
bony bream and grunters are not large fish and have maximum 
lengths of only 120-250mm (Lake 1967) and 150-250mm (Merrick 1980) 
respectively. Dimensions of otoliths collected from the early Holocene 
sites fall within the range displayed by modern specimens held in 
Merrick's collection at Macquarie University, Sydney.
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Figure 7.4 Length frequency distribution of golden perch (Macquaria 
ambigua) from Kaleentha Loop (KLL 1).
Fish traps are optimally suited to a flowing stream where fish must 
pass the place where the trap is situated. The most suitable trap for a 
given circumstance depends primarily on hydrological conditions. At 
the present time drum nets are used to catch fish in the Darling River 
during periods of flow. Lawrence (1969, Table 3) summarised 
descriptions of Aboriginal fishing methods from the journals of 
explorers and early European settlers of riverine south-eastern 
Australia. Hooks and lines were not used, but a diversity of spears, nets 
and traps were recorded. At times of high water in the Darling both 
seine and gill nets were employed whereas spearing was the main 
technique when the river was low and the fish were congregated in
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shallow pools. Weirs and traps made of sticks and grass were used in 
shallow flowing water in several places along the Murray River and on 
tributaries of the upper Darling River. The only trap recorded from the 
Darling River itself is the Brewarrina fish trap; a maze of pens 
constructed by arranging rocks and boulders taken from a silcrete 
outcrop exposed in the river bed. The pens opened on their upstream 
sides, so that once fish swam into them they could not escape against 
the current. The low height of the walls - two to three feet (Mathews 
1903), restricted the use of these traps to periods when the river was 
flowing but not in flood.
The habitats of species present at KLL 1 gives some idea of the 
hydrology of the ancestral overflow channel at the time of occupation 
of the site. The fish represented in the site are Macquaria ambigua, 
Maccullochella peeli, Tandanus tandanus, Nematalosa erebi, 
Leiptotherapon unicolor species which have fairly wide ecological 
tolerances but, according to Merrick and Schmida (1984), occur most 
frequently in sluggish water. If the cod present is Murray cod 
(Maccullochella macquariensis ) and not trout cod (Maccullochella 
peeli) its presence is somewhat anomalous, as Murray cod prefers 
flowing pools between falls and rapids ( Merrick and Schmida 1984, p. 
205). Because archaeological material at KLL 1 came from above the 
carbonate horizon of a soil unit within a source-bordering dune, the 
overflow channel which provided the dunal sediment must have been 
active at a time prior to 7000 years BP. However as the carbonate 
horizon rests immediately on alluvial floodplain clays, and because no 
channel margins are apparent, the overflow channel is likely have 
been a broad shallow expanse of low energy flowing water at the time 
KLL 1 was occupied. In such an environment gill nets would not be an 
effective method of catching fish, because only a small area of mesh 
could be submerged. Fish present at site KLL 1 seem most likely to 
have been gathered from small pools or by the use of structural traps, 
probably made of wood as no stone is locally available. The scarcity of 
small fish specimens is consistent with either interpretation.
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Summary of the interpretation
In summary, by 25,000 years BP, the prehistoric people of the lower 
Darling basin had developed a sophisticated technology for exploiting 
the aquatic resources of lakes and water channels. The availability of 
these resources fluctuated, and during times of low aquatic 
productivity, the inhabitants must have increasingly relied on 
terrestrial fauna and flora for sustenance. There is, however, virtually 
no evidence to indicate what these terrestrial dietary elements were, 
primarily because the geomorphological features in which organic 
remains are preserved are almost invariably closely associated with 
water channels and lakes.
Differences between the aquatic fauna sites in the lower Darling 
River are controlled mainly by preservational factors, although to 
some extent composition of the faunal assemblage also reflects the 
aquatic environment from which it was gathered. Thus sites 
representing collections from lakes and other still-water environments 
contain large numbers of the mussel Velesunio ambiguus whereas the 
species Alathyria jacksoni is abundant in sites associated with flowing 
water courses. Social behaviour also modified the faunal composition 
of site collections. This factor is emphasised particularly by the practice 
of mounting gathering expeditions that focussed on a single food 
species, which gave rise to midden sites consisting almost entirely of 
the remains of one species. This method of collecting is recorded in the 
earliest dated sites and is still practised by some Aboriginal people to­
day.
The most important differences between the sites surveyed that 
cannot be attributed to any of the factors discussed is the notable 
contrast between the simple sites of the Pleistocene and the larger more 
complex sites of the Holocene. Although it is true that "single species" 
sites occur throughout the late Pleistocene-Holocene archaeological 
sequence in the lower Darling region, all known in situ middens older 
than about 8,000 years BP are of this type (or can be explained as 
composites o f " single species " collections). No sites gradational
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between the "single species" and large multi-element complex types 
are known in the lower Darling region, but their absence may be 
explicable in terms of the deficient archaeological record for the 
interval 15,000- 8,000 years BP.
Similarly the extensive scatters of 12,000 year old shell material on 
red sandy margins of rivers and lakes in the lower Darling may 
represent a transitional period in site patterns or may simply represent 
intensive use of aquatic resources during a period of high productivity. 
It is interesting to note, however, that shell middens dated to 14,000 yrs 
BP at Lake Victoria on the Murray River, appear as extensive lenses of 
shell within the lunette sediments (Kefous 1981) .  An extensive scatter 
of shell dated to 13,200 ± 130 was also recorded from the lunette 
sediments of Lake Benanee on the Murray River (Clark and Hope 
1985).
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Chapter 8
DISCUSSION AND CONCLUSIONS
Introduction
The data for this study derives from 232 open midden sites in 
western NSW. Most of these sites are small, and stratigraphically thin, 
and individually contribute little to the prehistory of the area. 
Together, they constitute a considerable data base to address a number 
of issues in Australian prehistory. In Chapter 1 ,1 introduced four 
specific aims of this thesis. In this chapter I will discuss the findings 
relating to these aims and then return to the broader objectives and 
wider implications of the results of the research.
Specific Aims
2. Distribution of middens
The factors influencing the distribution of middens in time and 
space were discussed in Chapter 4 where it was concluded that 
distributional patterns relate primarily to geomorphological processes. 
Organic remains are preserved in this semi-arid environment in 
situations where they are protected from erosion soon after their 
original discard. The present day exposure, and therefore location, of 
these sites depends on active current erosional processes. Thus, sites 
containing organic remains in the Murray-Darling basin most 
commonly occur in lunettes and source-bordering dunes, although 
they are occasionally recorded from red sandplain (on the inner side of 
river meanders) and from floodplain sediments in areas of shallow 
erosion.
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The irregular distribution of the middens (shown in Fig 4.1) around 
the water channels and lakes cannot therefore, be taken to reflect past 
cultural preference of campsite positions.
2. Variation in conten t between sites
The results of the analysis of variation between sites are presented 
in Chapter 6. It was concluded that the species represented at each site 
vary depending on the hydrological conditions in which they were 
originally collected. The most marked example of this is that 
freshwater mussel sites originally associated with flowing water 
conditions are of the species A la thyria  jacksoni while those associated 
with still water are of the species Velesunio am biguus. Species such as 
the catfish (Tandanus tandanus) and the gastropod Physastra gibbosa, 
which are most abundant today in lakes or backwaters, are only found 
associated with the Teryawynia Creek lake overflow system in the 
archaeological record.
Most of the intact sites are dominated by a single species. Typically, a 
Pleistocene site consists of a single concentration of bivalve remains 
but species other than shellfish dominate some of the other 
Pleistocene sites. Sites dominated by other species however, resemble 
the shell middens in that they characteristically consist of a single 
cluster of faunal remains, and species other than the dominant species 
are rare or absent. A single site (TNL 20) varied from this pattern in 
that three species were equally common.
This pattern was attributed to a foraging strategy in which the 
collectors targeted a single species for each foraging expedition. The 
internal structure of TNL 20 suggests that it was the result of three 
separate expeditions. At more dispersed shell midden sites, the growth 
ring pattern shown in sectioned bivalves has been demonstrated to be 
useful in the separation of foraging occasions.
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An important implication of these findings is that for sites found 
reasonably intact, it may be possible to determine the quantities of food 
gathered in a single expedition. This has been one of the central 
problems in the analysis of larger archaeological sites in which 
foraging episodes cannot be identified within the stratigraphy. 
Recognition of this problem has resulted in the virtual abandonment 
of a once common component of faunal analyses, the estimation of 
the amount of meat represented by the bone refuse recovered at 
prehistoric archaeological sites to determine meal sizes (see for 
example, Baynes, Merrilees and Porter 1976).
3. The importance of aquatic resources in the prehistoric diet
The evidential bias discussed in Chapter 1 has resulted in no records 
of the food gathering techniques used in areas away from the river. In 
addition there are taphonomic problems in attributing mammal 
remains to the remnants of people's meals. Some bones associated 
with shell remains were assumed to be the meal refuse of people 
(Chapter 6), but these were in sites where that attribution is supported 
by other evidence
The mammalian remains scattered over dune surfaces have been 
more difficult to attribute to people's activities. Although some of the 
mammal bone is burnt, none has been found within hearth 
structures. Some intact animal skeletons have been found in situ 
within dune deposits but these are not disarticulated and are therefore 
more likely to have been the result of natural deaths. Other bone 
fragments were common within dune blowouts. These are mainly 
small sand dwelling or small-medium burrowing marsupials (eg 
bettongs, small dasyurids and wombats) and may simply reflect the 
natural sandy habitat of the marsupials. Once exposed, like the aquatic 
remains, the bones begin to deteriorate, and most of the fauna is 
represented by fragments. Separating cultural faunal refuse from other 
bone refuse has been one of the major methodological problems in 
archaeological analyses of fauna with most analyses relying on
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burning criteria (Balme 1980) or breakage patterns (see Binford 1981 for 
a review of these techniques), the additional weathering of these bones 
complicates the issue even further. A taphonomic study of the 
mammalian bones present within the dunes of western NSW is a 
major project in itself. For the present, little more can be said about the 
foraging strategies of the prehistoric inhabitants of the region based on 
mammalian food remains, except that the mammals undoubtedly 
provided a food source that was exploited
What is evident is that by the European contact period the Bagundji 
people, who occupied the territory on either side of the Darling River 
from the Warrego River to its junction with the Murray River 
(Beckett 1958a; 1958b), were very dependent on aquatic resources 
although the quantities of food taken from these sources varied. This 
evidence derives from early European observers and as European 
contact initially took place along water courses, it may not be 
surprising that most early European observations relate to Aboriginal 
people who were at least to some extent reliant on aquatic resources. 
However, reports of fishery techniques (e.g. Mitchell 1839 p. 268; Sturt 
1833 p.106; Beveridge 1883 p. 36) suggest that the Aboriginal people 
were more than casual users of these resources and that aquatic 
resources appear to have been of crucial importance to the economy.
Lawrence (1969 table 3, p.115-116) has summarised the descriptions 
of Aboriginal fishing methods from the journals of early explorers and 
the first European settlers in the Murray-Darling basin. Along the 
Daring River hooks and lines were apparently not used - the one 
record of line fishing from Brewarrina was recorded by Dunbar (1943, 
1944) and was probably a technique introduced after European contact 
as there are no earlier references to the technique. Instead fish were 
caught with a wide variety of spears, nets and lines. Spears were used 
usually when swamps and lagoons were filled, but also when the river 
was low and the fish were concentrated in pools.
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Small bow nets and hoop nets were placed over individual fish 
lying on the bottom or in shallow water. When water levels in the 
rivers were high, seine nets were used in flowing channels an d /o r gill 
nets in full swamps and lagoons. After rivers had peaked and had 
began to subside, fish weirs and traps were set across rivers and outlet 
channels. There is little published on the fishing techniques used in 
lakes for this region but as the still water conditions in larger bodies of 
standing water are analogous to those in swamps and lagoons, under 
such conditions, weirs, traps and seine nets, which depend on water 
flow in a restricted channel, would obviously be ineffective.
Thus, at European contact the Aborigines of the Darling River were 
skilled fishers, and adapted their techniques to changing water 
conditions, as commercial fishers do to-day, when they employ traps 
(drum nets) during periods of strong flow and gill nets when water 
levels fall and in still backwaters (Reynolds 1976).
However while a recorded variation in the technologies for 
gathering freshwater resources suggests that the people using these 
technologies were probably dependent on aquatic resources as a food 
source it does not indicate the extent of their dependence. While there 
are a num ber of records for different technologies for gathering 
freshwater resources in Australia for example, Roth (1901), McConnel 
(1913) and Thomson (1939) record spears, oval shaped framed nets, fish 
weirs and traps as well as lines in Cape York, only one study of 
Australian Aborigines also examines the proportions of foods taken 
from different sources.
Altman's (1987) study of a northern Australian economy - the 
eastern Gunwinggu of Arnhem Land suggests that while aquatic 
resources were at some times of the year of great importance in the 
diet of these people, at other times the contribution of aquatic 
resources was negligible. Altman recorded freshwater fishing with 
lines, fish traps, hand-held nets and fish wire (spear). His analysis of 
the amount of time spent in fishing as a subsistence activity averaged
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compared with 10.4 % hunting and 5% gathering. Fish was the main 
source of kilocalories only in the late wet (April/May) and the main 
source of protein for less than half of the year (Altman 1987 pl32). 
While Altman's records are for a present day society who have access 
to firearms this has probably resulted in reduced hunting times 
compared to fishing. As in the Darling, the role of fish in the diet 
varied seasonally. During April/M ay fishing took up 35.6% of the time 
spent on subsistence activities compared to 9.7% on hunting and 6.2% 
gathering (Altman 1987 p84). The climate in the northern Australia is 
monsoonal, and the period when fishing is important is during the 
'dry' while hunting of other faunas was more important during the 
wet. In contrast, fishing on the Darling was dictated not by season but 
by water availability which is not seasonally based (see chapter 3).
Allen (1974 p. 315) used the records of Sturt and other early 
Europeans to analyse evidence from archaeological sites. He 
emphasised the critical dependence of these early inhabitants on fish, 
noting that remains of aquatic fauna from middens of this age 
represented precisely the same species that were collected by 
Aborigines at the time of European contact. He proposed a model 
based on the ethnography, in which people congregated on the river 
banks during periods of high aquatic productivity in spring and 
summer and dispersed during autumn and winter to hunt and forage 
terrestrial resources.
Subsequent analysis of the ethnographic records by Brenda Jacobs 
shows that reports of aquatic productivity are more closely correlated 
with water fluctuations, than with regular seasonal change (B. Jacobs, 
pers. comm.). Productivity appears to be at a maximum as water levels 
fall after flooding, which is not seasonally controlled in the Darling 
system. In broad terms, however, the validity of Allen's migrational 
model is not affected by the seasonality or otherwise of fluctuations in 
river productivity. What is clear, is that productivity was, at times, 
high enough to support large numbers of people congregated in fairly 
small areas along river and lake margins. The relevant thing to this
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argument is that there are ethnographic reports of large congregations. 
The largest number recorded in early European chronicles was 600, at 
Lake Victoria near the junction of the Darling and Murray Rivers 
(Eyre 1845). This figure may be an exaggeration, but there is no reason 
to doubt Sturt's report of an established group of 70 Aborigines who 
were living in huts on the banks of the Darling River at Bourke (Sturt 
1833 Vol.l, p.105). This was the largest Aboriginal settlement on the 
Darling River recorded by an early 19th Century European explorer, 
but the existence of campsites consisting of a number of individual 
huts was noted by others (e.g. Mitchell 1839). It is difficult to estimate 
how long these settlements lasted, because the explorers' reports were 
based on transient observations. Further discussion of methods of hut 
construction and the size of these Darling River villages has been 
summarised by Allen (1968 p. 51-56).
Since the late Pleistocene the Darling River system, as it is today, 
has been the the principal natural basis of support for human 
populations in the region. In this semi-arid area it represents the focus 
of resources since only after periods of heavy rain is there surface 
water in areas beyond the floodplains. The importance of the Darling 
River was evident at European contact when the river acted as a 
"telegraph line" for communication between the different groups that 
colonised its banks. For example, the river served as a trade route for 
ground-edge axes (Binns and McBryde 1972). Mulvaney's study of the 
distribution of material goods in Australia concluded that regular 
trade routes existed throughout Australia and that-
"Not surprisingly, in drier areas they followed rivers or waterholes ..." 
(Mulvaney 1976 p84).
The unique position of the Darling also ensured that those 
Aborigines who settled the river banks controlled resources to which 
access was, at times, essential for people living away from the 
floodplain. Mathews (1903, p. 151) recorded at the Brewarrina fish traps 
that each pen was owned and maintained by individual families.
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"The same people did not remain there all the time, but when 
certain families moved away into the back country to hunt for 
kangaroos and other game, other families came in to the river, and 
participated in the piscatorial harvest. Although the fishing 
grounds were apportioned among specific people, as already stated, 
the ownership was not of the exclusive character existing among 
Europeans. For example, if a man was not present, his "claim" 
might be worked by his relatives, such as uncles, brothers, brothers-
in-law, nephews, or the like.....The fishing season was sometimes
made the occasion of inviting neighbouring tribes to join in their 
great corroborees, initiation ceremonies, or meetings for trade or 
barter." Mathews 1903 ppl52-153.
Similarly, the riverine populations needed raw materials, such as 
quartzite and sandstone for the manufacture of artefacts. Apart from 
silcrete which occurs at Willandra, most lithic raw materials are 
thought to derive from the Barrier and Scropes Ranges. A certain 
amount of interaction was, therefore, inevitable between riverine and 
hinterland groups and this may have occasioned large social 
gatherings along the margins of lakes and watercourses when river 
productivity was high.
Because of the central position of the Darling River in the regional 
economy, it not surprising that sophisticated technologies for 
exploiting its highly productive resources are evidenced in the oldest 
sites. Whether the technology evolved in response to the needs of 
large populations, or whether the numbers of dependants grew as a 
consequence of the existence of the technology is a question not 
answerable by the available data.
4. Use of the river and lake resources over tim e
Evidence provided by Allen (1972), from middens associated with 
the Willandra Lakes, is consistent with that of the lower Darling 
region, in that there was little change over time in the range of species
202
present in midden sites. However, Allen (1974) subsequently suggested 
that, although the food remains of the earliest known people to camp 
around the shores of Pleistocene lakes at Willandra indicates that their 
diet was similar to that of the summer diet of the Bagundji who 
inhabited the river banks and lake shores of the Darling basin only a 
century ago, an important modification occurred about 15,000 years BP 
when ground seeds were introduced into the diet. This important 
change, he believed, was a response to a decrease in aquatic resources 
resulting from lowering of river discharges and reduction of the area 
of Willandra Lakes by evaporation.
There is a problem, however, in the evidence for the first use of 
seed grindstones. It turns on the difficulty of establishing synchrony 
between elements of the archaeological record recovered from open 
sites. The oldest grindstones recognised by Allen from the Murray- 
Darling region were six fragments of lower grindstone at the Tandou 
Lunette 1 site. These fragments were reputedly in situ but lying 
exposed on the surface of brown non-calcareous sand that also 
contained a burial, dated on charred collagen at 12,530 + 1350/-1630 BP. 
The grindstone pieces were not excavated but lay about 4 m laterally 
from the dated cremation and from a shell midden (Allen 1972, p. 233 
Fig. 7.1 ). The difficulty in dealing with archaeological material found 
in this stratigraphic position and geomorphological situation is that it 
cannot be assumed prima facie to be undoubtedly in situ. O ther 
grindstones "associated" with dated midden material at Willandra 
Lakes, and regarded by Allen as in situ, are subject to similar 
difficulties. Grindstone fragments are present on most eroded lunette 
surfaces in the Murray-Darling region but none has yet been excavated 
from an enclosing sediment. Allen's assumption that heavy 
calcareous coatings on grinding stones recovered by Bowler, indicates a 
minimum age of 15,000 years BP, cannot be verified and does not 
appear to be necessarily true as, at a site by Ratcatchers Lake (RAT 9), 
mollusc shells dated at 7,170 ±100 years BP are heavily encrusted with 
carbonate as are stone artefacts lying with them on the same surface. 
Grindstone fragments were frequently recorded on surfaces around
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rivers and lakes during  this project and occur in apparen t association 
(i.e. im m ediate ly  above or on the sam e depositional surfaces) w ith  
faunal rem ains at 84 m idden  sites. Forty-seven of these are on sites 
bordering  lakes at Teryawynia Creek and most of the rem ainder are 
associated w ith river channel sites. N o  grinds tone  rem nants  have 
been found in situ, either in sed im ents  of know n age or w ithin  
m iddens, so none can be da ted  with assurance.
It is difficult to assess the chronological significance of the 
association of any of these g rindstone  fragm ents w ith  da ted  faunal 
rem ains particularly  w here  the grindstone  fragm ents are no t enclosed 
by the organic remains of the m idden. This was the situation at
Allen's site, Tandou Lunette  1, discussed above. On Allen's larger
«
Leaghur sites the association is apparently  closer, as grindstone 
fragments rest directly on the faunal material. H ow ever, the .L eaghur 
sites are m uch more laterally extensive than the T andou lunette  sites. 
Thus, if grindstones w ere in troduced  after the deposition of the 
m idden  material at Lake Leaghur, there w ou ld  be a h igher probability 
of their spurious  association with the fauna, after deflation, at these 
sites than on small sites.
Smith (1985, 1986, 1988) has questioned the function of grindstones 
collected from Pleistocene archaeological sites in Australia. His 
argum ent is based on analogy with grindstones of know n function 
from central Australia. Smith differentiates five m orphological 
categories for grindstones in central Australia.
1) Millstones: flat surface slabs with shallow grooves w orn  on the 
grinding  face used as lower grinding surfaces for the the wet 
milling of seeds.
2). Mullers: the u pper  grindstone  used  in the sam e process.
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3) . Mortars: flat surface blocks with a shallow oval or circular
depression ground in one or both faces, and used for the 
preliminary pounding and crushing of hard seeds.
4) Pestles: are fist-sized water-worn cobbles used on the mortar.
5) . Amorphous grindstones: serving as expediently used
implements rather than for a formal purpose.
Smith (1985, 1986, 1988) argues that, on morphological criteria, none 
of the Pleistocene grindstones recorded in Australia can be positively 
identified as a seed-grinding implement and that the assumption that 
all grindstones were necessarily used for seed-grinding is incorrect. He 
has re-examined the grindstones found by Allen at Tandou Lunette 1, 
Tandou Lunette III, Mulurulu I and Mulurulu IIIA and has concluded 
that none of these have been used to grind seeds. He suggested that the 
two grindstones from Tandou Lunette III were small pieces of 
sandstone with no evidence of grinding and that of those collected 
from the other sites, four were amorphous grindstones, one was 
probably a wood-grinding implement and one was probably too small 
to have functioned as a muller, although it has a heavily abraded face .
Few of the grindstone fragments recorded during this project were 
sufficiently complete to classify with certainty on Smith's scheme 
(Appendix 2 includes such a classification where possible). However 
one complete sandstone seed-grinding slab (ie. a millstone) was found 
on recent mobile sands at Tandou lunette and millstones are common 
around the Teryawynia Lakes. Large quartzite mortars are also 
frequently found around these lakes and along the river margins. At 
two of the sites, TMC 6 and SAL 20, they are encrusted in carbonate.
Archaeological material from the lower Darling region yields 
ambiguous evidence concerning the time of introduction of seed­
grinding technology in the region. However, while the grindstones 
around the Teryawynia Lakes are not in situ , there is no good reason
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why these should be better preserved than those on Tandou's older 
sites. While the evidence remains inconclusive, the presence of 
millstones at the Holocene Teryawynia Lake sites and the effective 
absence of millstones in situ or otherwise on the Pleistocene Tandou 
sites, is strong circumstantial evidence that this technological 
development was introduced to the area in the early-mid Holocene.
It is perhaps appropriate to emphasise that there was no 
environmental pressure on inhabitants of the region 15,000 years ago 
that might have forced them to incorporate seeds into a diet that had 
served them well for the previous 20,000 years. Bowler's 
interpretation of lunettes as dunal structures, deposited as a result of 
aeolian sedimentation during alternating periods of filling and drying 
of the lakes, implies that prior to the final desiccation of the Willandra 
Lakes system, there were times when lacustrine food resources were 
not locally available. The inhabitants may well have adapted to these 
periods of aquatic famine, but seed grinding was not demonstrably that 
adaptation.
From the large number of archaeological sites containing aquatic 
fauna present in the region it is clear that the channels and lakes of the 
lower Darling River were still productive after the Willandra Lakes 
had dried up. In a broad sense, therefore, the potential to exploit 
dietary aquatic resources in the Murray-Darling basin still existed but 
the total volume of such resources had contracted. The diet of the 
people living in the Murray-Darling basin therefore must be seen as 
one of balance, exploiting aquatic resources when they were available 
and during times of low river productivity becoming increasingly 
reliant on non-aquatic resources.
There is no evidence for different seasonal use of the aquatic 
resources of the area. If use of such resources was sporadic, or if the 
numbers of people exploiting them varied markedly from time to 
time, it seems likely that such variations were related to productivity 
within the river and lake systems. This is not necessarily associated
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with seasonal events, but is more directly a function of temperature 
and rainfall (B. Jacobs, pers. comm.). The significance of the presence 
of crayfish gastroliths at some sites has already been discussed in 
Chapter 6. Gastroliths form just before moulting and are related to 
tem perature and water levels. They occur in some sites, but, at others, 
crayfish is represented solely by carapaces, even though carapaces are 
more fragile than gastroliths. This suggests that specimens present at 
such sites were collected just after moulting and the growth of a new 
carapace. There is thus evidence, from the variation in the type of 
crustacean remains present in the middens, that the species was 
gathered at times of differing hydrological conditions, which as 
discussed in Chapter 6 is not necessarily correlated with seasons.
I
A final difference between midden sites on the lower Darling River 
was the larger size, and greater diversity, of species represented in the 
sites established during the time interval 9,000 5,000 years compared to 
the Pleistocene sites. As discussed in Chapter 6, preservational 
explanations for this can be ruled out, and an alternative explanation 
must be sought.
The formation of the larger and more complex Holocene sites could 
be interpreted as a product of regional population increase, or at least a 
change in camping patterns resulting in larger groups of people 
remaining at the same locality for longer periods. In effect, this 
question comes down to one of demographic movements over time.
Ross (1985) has reviewed methods used by archaeologists in 
attempts to identify past changes in population. These rely principally 
on the recognition of alterations to the availability of resources, 
changes in artefact density or variation in the numbers of sites with 
time. She concluded that there are too many assumptions involved in 
a model based on carrying-capacity of a terrain for it to serve as a 
useful indicator of population change (Ross 1985 p.82). Ross's strongest 
objections were to the assumptions of archaeologists in estimating the 
biomass of an area and the numbers of people this could support.
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However, if we are concerned with population changes and not actual 
numbers of people living in a population there is no need to make 
dubious assumptions. All that is required is to establish that the 
accessible food resources of an area has changed and that people have 
responded to that change. This does not necessarily entail any absolute 
variation in the area's total biomass just in the accessible biomass. It 
may thus depend only on the ability of people to exploit the resources 
more efficiently by the introduction of new technologies or by 
expanding diets to include a wider range of the available food.
In the lower Darling region, archaeological data provide evidence 
only for the dietary exploitation of aquatic resources. Both the foods 
used and the technologies for gathering them appear to have 
remained essentially the same since the time of the earliest recorded 
sites, 27, 000 years ago. It has been argued above that there is strong 
circumstantial evidence from the lower Darling archaeological sites 
that the introduction of ground-seeds as a dietary adjunct occurred in 
the early to mid-Holocene but, at present, this suggestion must be 
regarded as still unconfirmed by unequivocal archaeological evidence. 
Indeed, because food remains in the lower Darling region are only 
preserved in geomorphological features associated with rivers and 
lakes it may not be possible to resolve the question of the time of the 
introduction of seed-grinding into this area.
After taking into account the possible different economic functions 
of different sites and differential visibilty of geomorphological units, 
Ross (1985) concludes that the increase in the number of sites 
representing different time periods recorded by herself and other 
workers in south-eastern Australia represents a real increase in sites 
numbers and is not a function of decreasing rates of site destruction 
closer to the present. However, episodes of sediment deposition 
within lunettes and source-bordering dunes have been sporadic in the 
lower Darling region. Thus the significance of variations in numbers 
of sites present in strata representing different time intervals of 
comparable length, cannot be so directly interpreted. Although more
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sites have been recorded from Holocene intervals than from 
Pleistocene sequences covering similar lengths of time, this may 
reflect preservational factors, rather than a true increase in the 
number of sites. Archaeological evidence from this study relating to 
population changes in the lower Darling region cannot be 
conclusively interpreted to support absolute increases in population in 
the region. The evidence is equally supportive of a model of changed, 
more frequent use of favourable camp sites, a social practice quite 
possibly unrelated to population change.
Before concluding that the lower Darling Holocene sites represent 
an essential change in camping practice, it must be demonstrated that 
changes in site distributions are not simply a function of changed 
environmental conditions. The faunal evidence from the Holocene 
Teryawynia lake sites indicates that the sites accumulated when the 
lake levels were comparatively low and the water flow in Teryawynia 
Creek sluggish. Similar conditions appear to have also existed when 
middens associated with the final drying phase of the Willandra Lakes 
(about 15,000 years ago) at Lakes Leaghur and Garnpung were 
established. At first glance this suggests that large complex sites are 
related to episodic periods of desiccation. Nonetheless, all the lakes 
must have been periodically subject to such conditions in the past, but 
no large middens have survived from these earlier drier intervals.
I have taken the view that on balance, it is likely that the larger 
Holocene sites do, in fact, indicate longer periods of camping by larger 
groups of people, than the settlement regime that led to the formation 
of the older "single species" sites. The large sites are therefore 
interpreted as more permanent base camps, which in turn, may 
represent more complex group relationships. The possibility that base 
camps also existed in the Pleistocene must not be discounted. 
However, if sites of equivalent complexity did exist in the Pleistocene 
they do not appear to have been in lunettes. This too would represent 
a change in camping practice as the complex Holocene sites are all 
within lunettes.
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A possible explanation of this growth in complexity of the sites 
associated with the lakes is the development of social control 
mechanisms for the exploitation of the highly productive, but 
geographically constrained riverine resources, resources which were 
apparently present in the region at European contact.
Lourandos has argued that in southwestern Victoria, social forces 
may have triggered economic change, which he suggests is evident 
from the mid-Holocene (Lourandos 1983). Lourandos argues that the 
development of inter-group relations demand the holding of 
mediating centres of distribution and that gatherings of people at these 
centres for lengthy periods of time, in turn, place demands upon the 
economy to produce foods for the ceremonies (Lourandos 1983 p 90). 
The development of more efficient extractive strategies was therefore 
promoted by these activities.
This is not the picture envisaged for the Darling River. It has been 
argued here that people living on the Darling River had the ability to 
extract aquatic resources efficiently from 27,000 years ago. The 
implication of such sites as the Major Swale Perch site (TNL 20) and 
the Casuarina Ridge North site (TNL 36) is that the people occasionally 
used these abilities to provide for large gatherings of people. The need 
for these gatherings may be a product of the unique geographical 
position of the Darling River, but the fact that they occurred early 
would have undoubtedly been an impetus for the development of 
networks to ensure that people living in the region always had access 
to this major resource. The social process for which the presence of 
complex base camps appears to be related, is towards resource 
ownership, the efficient control of other people's use of riverine and 
lacustrine resources, and of reciprocal trade. In other words, the people 
who normally lived on the river were in control of resources to which 
they allowed access to others on an occasional basis. It could, of course, 
also be argued that large camps were the products of networks 
established to ensure the supply of raw materials for stone artefacts.
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This argument doesn't necessarily imply that from the earliest 
period riverine and lacustrine resources were owned by specific 
people. It rather suggests that there has always been a tendency for 
people to congregate at some times on the rivers and lakes, thus 
ensuring that the resources from these, have remained accessible to all 
people in the area. It might reasonably be speculated that the particular 
congregations in base camps around lakes in the mid Holocene may in 
some way be related to the introduction of the resource openings 
offered by grindstone technology. In other words, if more resources 
could be taken from a region it may provide more incentive to remain 
in that location for longer periods. At the same time, if these new 
resources required a cumbersome technology (grindstones) to process 
the material, then it may put pressure on the people to create camps in 
locations which they re-use.
A problem with this argument is the lack of equivalent large sites 
preserved from the late Holocene or indeed evidence from the 
sightings of European explorers. The answer probably lies with the 
general scarcity of material representing this period altogether, which 
is attributable to the lack of recent lunette deposition and the lack of 
eroded surfaces on the alluvial sediments surrounding the modern 
Darling River channel.
Pleistocene sites of equivalent complexity to the Holocene sites in 
sediments away from rivers may exist but their recognition is 
problematical. The lack of preservational environments away from 
the river and lakes means that archaeological interpretations must be 
made from stone artefacts usually without the benefit of good 
chronological controls. How a base camp might be detected without 
such stratigraphic controls involves methodological difficulties not yet 
resolved by archaeologists now working in the Darling River region.
The development of an aquatic economy and colonisation of the 
continent
Evidence for exploitation of inland aquatic resources is characteristic 
of the whole of the Murray-Darling basin shown in Figure 1.1 of this 
thesis. Discussion of the development of this economy therefore has 
to consider the evidence from all of these sites.
The Willandra Lakes, situated about 200 km south-east of 
Menindee, are also bordered by lunettes and sedimentary sequences in 
these are generally similar to those at Lake Tandou. There are, 
however, certain differences which are attributable to the marked 
hydrological contrast between the Willandra Creek and the Darling 
River system and its associated anabranches. The Willandra Lakes are 
overflow basins of Willandra Creek, a tributary of the Lachlan River, 
which drains from the south-east highlands of New South Wales and 
flows into the Murrumbidgee River at Balranald. Unlike the Darling 
River, which receives important inputs of water in both summer and 
winter, the Lachlan is fed mainly by winter precipitation.
Willandra lunettes have been the subject of a number of 
geomorphical studies (eg. Bowler 1976a; Bowler and Magee 1978) and 
the sedimentary sequences developed within them are well- 
documented. In brief, the generally accepted model for development 
of the Willandra Lakes presumes an initial refilling of the lakes about 
45,000 years BP, followed by continuing wet lake-full conditions until 
about 25,000 years BP (apart from a short low period about 34,000 yrs 
BP). Sediments representing this 20,000 year interval are assigned to 
the Mungo Unit, which consists of a basal sub-unit of quartz sand 
passing upwards into saline sandy clay, showing red-brown soil 
development. A disconformity exists between the Mungo Unit and 
the and the Zanci Unit, which immediately overlies it and is believed 
to have been deposited between 20,000 and 16,000 years BP. The Zanci 
Unit is a claypan-aeolianite sequence of interdigitating clay and
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gypsum, formed while the lakes were contracting and ultimately 
completely drying up (Bowler 1971; Bowler et al. 1976).
The oldest radiocarbon age from archaeological material (N-1665, 
34,100-37,400 BP) was determined on transported unioid shell (Bowler 
1976b). This midden lay within lacustrine sediments near the shore of 
Lake Arumpo, at the southern end of the chain of lakes on Willandra 
Creek. The midden represents a lake-bed camp at a time when the lake 
floor was at least partially dry. At the other extreme of the dated time 
interval, the youngest known midden material from Willandra Lakes 
comes from Allen's M urululu 1 site which has yielded a date of 15,120 
± 235 years BP (Allen 1972 p. 302).
I
Radiocarbon dates obtained from shell middens recorded from the 
lower Darling region together with similar data from Willandra Lakes 
(taken from a list compiled by P. Clark for the Willandra Lakes World 
Heritage listing), are shown in histogram form in Figure 8.1. While 
the actual numbers of radiocarbon dates for each 2,000 year period 
depends on the sampling techniques used, the histogram shows that 
there is clear evidence for almost continuous use of aquatic resources 
in the the Murray-Darling Basin since about 36,000 years BP. The short 
periods of absence of middens in parts of the late Pleistocene-Holocene 
sequence suggests either intervals characterised by conditions of more 
extreme desiccation or that there were no suitable sedimentary 
environm ents to preserve organic material.
In addition to dates from shell there are a few radiocarbon dates 
from charcoal collected from hearths in the lower Darling region. 
There are also about 30 dates from the Willandra Lakes resulting from 
both Allen's early work and, more recently from Clark and Barbetti's 
(1982) study of hearths. Distribution of these charcoal dates together 
with the dates obtained from shell are shown in a histogram in Figure 
8.2. The distribution shows that discontinuities in the record of 
hum an presence in the Murray-Darling region, implied by gaps in 
shell dates, are apparent rather than real. When the hearth dates are
considered in conjunction with the shell midden dates, it is clear that 
there is an almost continuous human presence in the Murray-Darling 
area since about 36,000 years BP even though water was not constantly 
present in the lakes.
During periods of high productivity the lakes may have been attracted 
greater populations of people to the vicinity, but it is clear that aquatic 
resources were not essential to the survival, at least of small groups.
As no detailed results of recent studies from the Willandra have been 
published, the comments that follow are based on Allen (1972) and my 
own observations during field work in 1981.
Middens are present within sediments of the Mungo Unit but 
consist mainly of small, isolated areas of fragmented shell. Midden 
sites are unknown at Willandra Lakes from the interval 22,000-18,000 
years BP. This period coincides with the last glacial maximum and 
Bowler (1971) has suggested that at this time discharge into the 
Willandra Lakes was reduced and that lake levels fluctuated. By 
contrast, midden sites established at the end of this period are present 
at Kangaroo Lake, in the lower Darling region.
The most substantial middens from the Willandra Lakes are those 
within dunes bordering Lakes Leaghur and Garnpung and associated 
with radiocarbon dates of about 15,000 years BP (Allen, 1972). Some, 
such as those at Allen's localities at Leaghur Backshore 1 and 
M ulurulu I (Allen 1972 pp. 288 & 301), are well-preserved and in situ . 
They are manifested as complexes of midden mounds, each about 2m 
in diameter and about 15cm thick consisting of shells of the lake 
mussel (Velesunio ambiguus). Others are scatters of shell over larger 
areas for example, Allen's designated Leaghur Backshore II and 
Garnpung I (where in situ midden material is also preserved in a 
layer 8cm thick ). Other faunal remains, including those of fish and 
mammals, are present at some of these sites, but their chronological 
relationship to the shellfish deposits is not clear.
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Figure 8.1 Numbers of radiocarbon dates from shell middens for each 
2,000 year period represented at the Willandra and lower Darling 
River areas.
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Figure 8.2 Numbers of radiocarbon dates from archaeological sites for 
each 2,000 year period represented at the Willandra and lower 
Darling River areas.
216
Unlike the older sites in the Willandra Lakes region, which appear 
to represent isolated short-term camps (again analogous to the "dinner 
time camps" described by Meehan 1982 pp 112-114 in her study of 
present day Anbarra), many of the more recent (15,000 year old) 
middens are large, and their preservation with few intervening 
sediments demonstrates that most of the archaeological material 
accumulated rapidly. In this respect they may be compared to 7,000 
year old sites bordering the lakes associated with Teryawynia Creek, in 
the lower Darling region.
Fish otoliths occur in some middens, for example the Mungo 1 and 
Garnpung 1 sites recorded by Allen (1972), but the Mungo sites are 
much more eroded than those at Lake Tandou. No site with abundant 
well-preserved fish, comparable to those at TNL 20 (Major Swale) or 
TNL 36 (North Casuarina Ridge), has been reported. There are also no 
reported sites with abundant well-preserved yabbie carapace like TNL 
31 (the Yabbie Kill Site) This causes difficulties in Allen's (1972) and 
Kefous' (1977) reconstruction of fishing practices from the Willandra 
sites. In general, the size distribution of otoliths from these sites 
illustrated by Allen (1972, p334) indicate that they derive from fish at 
the upper size range of golden perch (Maccjuaria ambigua) collected 
today (from the regressions shown by Allen p A45). However, as 
Colley (1987) has pointed out, unless these remains can be 
demonstrated to represent the result of a single foraging trip, the 
possibilities for a definitive interpretation of these results is limited. 
The fish may represent the result of a catch from large mesh gill nets, a 
catch from a trap (where small fish have been filtered out), selection by 
people for large fish or the result of poor preservation where small 
otoliths have eroded away. Fish were taken in the Willandra system, 
but the method of capture, and the size of the meals will not be 
determined until sites with comparable integrity and internal 
structure to those on Lake Tandou have been found.
In the absence of sinkers or plant remains, the important part of the 
argument for the use of net technology in western New South Wales,
rests on the interpretation of the sites consisting of a small refuse pile 
containing relatively large quantities of the remains of many 
individuals of only a single species as the result of one foraging 
expedition. There may be similar sites elsewhere in the world for 
which the methodology described here might be used to interpret the 
fishing techniques, but these have not yet been reported.
I think that there is no doubt that the evidence here represents 
"systematic" fish exploitation rather than "opportunistic" exploitation 
as defined by Hayden (1981) for at least 27,000 years BP. The question 
then remains why such evidence has not been found elsewhere in the 
world?
<
The earliest dates for occupation of Australia were discussed in 
Chapter 1 where it was noted that the oldest radiocarbon dates, 
including the oldest Willandra sites, fall into the age range 30,000-
38.000 years BP but there are thermoluminescence dates in the range of 
40,000-60,000 years old. The oldest date for human occupation of 
Australia is for stone artefacts which were excavated from sediments 
lying between two thermoluminescence dates of about 45,000 and
61.000 years at the Malakunanja II site in Arnhem Land (Roberts, Jones 
and Smith 1990). There is the possibility, however, that some of the 
older radiocarbon dates may be of equivalent ages to the 
thermoluminescence dates. This is partly because the effects of 
contamination with modern carbon on old samples are much more 
dramatic than contamination of young samples. Taylor (1987 p. 116) 
suggests that the addition of only 1% modern to a sample with a 
finite age of about 50,000 years BP will result in an apparent age of 
about 35,000 years. In addition thermoluminescence dating of Mungo 
hearths dated by radiocarbon (of charcoal) to between 28,000 and 32,000 
years (Barbetti and McElhinney 1972) has produced dates of between 
31,400 and 36,000 years old (Bell 1978). Although Aitken (1985) has 
suggested that the possibility of systematic error in the 
thermoluminescence ages of these sites cannot be ruled out, clearly 
archaeologists m ust be cautious about comparing sites which have
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been dated by different methods. Suffice to say for this argument that 
sites in the Murray-Darling basin are amongst the oldest of those 
recorded for Greater Australia and thus represent the refuse of the 
earliest colonisers of the continent.
Unlike the Old World, where other sites of similar antiquity occur, 
Australia was colonised by people who were mariners and probably 
arrived by island 'hopping'. This journey required open sea travelling 
of up to 90km even during periods of highest sea levels. Other 
evidence for early open sea travelling in the region includes a 33,000 
year old date for occupation of New Ireland in the Bismark group 
(Allen, Gosden, Jones and White 1988) and a 28,000 year old date for 
the basal levels of Kilu Cave on Buka Island in the North Solomons
I
Group (Wickler and Spriggs 1988). This second example would have 
required an open sea journey of at least 180km.
The fact that these Pleistocene people had boats implies that they 
were mariners and must have therefore been to some degree 
dependent on offshore resources. Should they only have required reef 
foods or terrestrial resources, boats would not have been necessary. As 
offshore fishery requires the use of either nets or traps it seems not 
unreasonable to suggest nets as a possible technology. A technology 
based on fibre is not remarkable in view of the fact that these people 
must have been familiar with its use in some form to secure the boat. 
Skills with fibre and string may very well have been part of the 
cultural baggage securely fastened to the back of their craft.
If this is true, then it is necessary to ask why fibre is not evident in 
the rem ainder of Australian Pleistocene prehistory? The evidence for 
Pleistocene occupation of Australia is fragmentary. Apart from 
western New South Wales, where the Pleistocene is known on a 
regional scale, the evidence derives mainly from isolated sites in 
geographically separated areas. The increasing number of cave sites in 
south central Tasmania recently being found to contain Pleistocene
219
remains (Allen, 1989; Cosgrove, 1985; Kiernan, Jones and Ranson 1983) 
may offer a second regional source of variable economic data.
The major Pleistocene archaeological sites in Greater Australia 
which contain analysed faunal remains include Cave Bay Cave on 
Hunter Island, just off the north west tip of Tasmania; Cloggs Cave, in 
Victoria; Devil's Lair in the south west of Western Australia; Early 
Man site on the Cape York Peninsula; Kenniff Cave, in south east 
Queensland; Kutikina Cave, in south west Tasmania; Miriwun, in the 
east Kimberleys; Mandu M andu in north west Western Australia; 
Nombe, in the New Guinea highlands and the Seton site on Kangaroo 
Island.
I
Most of these have taphonomic problems which make it difficult to 
separate cultural from non-cultural remains in their Pleistocene 
deposits. However none of them contains aquatic fauna as a major 
part of their faunal assemblages. In fact only four of these sites contain 
aquatic fauna in their Pleistocene levels. Devil's Lair, contained small 
quantities of marine shell in a level dated to 12,000 years BP (Dortch 
1974). The M andu Mandu site contains very small quantities of shell 
and other marine fauna in its Pleistocene levels (Morse 1988). The 
Seton site also had some marine shell in 11,000 year old deposits 
(Lampert 1981). Finally, fauna from the Miriwun Rocksheiter in an 
open woodland environment on the banks of the Ord River indicate 
human selection of both freshwater resources and local marsupials 
from about 18,000 years ago (Dortch, 1977).
It has been suggested that the major occupation of Devil's Lair was 
during the last glacial maximum (Balme 1980) at a time when the cave 
was some 35 kilometres from the coast in a forest environment 
(Balme, Merrilees and Porter 1978). The cultural faunal remains from 
the cave indicate that its inhabitants were focussing on large macropod 
fauna in their hunting activities and this has been interpreted as 
indicative of a well-established land economy (Balme 1980). Faunal 
remains from Kutikina Cave (Fraser Cave) are demonstrably the result
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of human hunting (Kiernan, Jones and Ranson 1983). At this site 
about 90% of the bones represent the large wallaby Macropus 
rufogriseus (Kiernan et al 1983) and this too suggests a specialised 
exploitation of the forest environment from about 22,000 years ago.
The evidence therefore, from the Pleistocene as it stands, indicates 
that the people were adaptable and efficiently exploited a number of 
different environments. Fishery in its many forms, was one such 
response to the Pleistocene riverine and lacustrine environment of 
the Murray-Darling basin.
However, nets can be used be used for purposes other than fishing. 
Ethnographically Aborigines used nets to capture large mammals, 
such as kangaroo as well as small mammals, including water rats a 
variety of birds and even moths (Satterthwait 1986). One might 
speculate that the first nets were equally likely to have been set in the 
south west Tasmanian forests as in the lakes of western New South 
Wales. As nets are set to capture particular species, the evidence for 
the use of nets at a particular site might be the presence of a high 
proportion of a single species in comparison to other species 
represented at the site. Such a technology may be particularly evident 
in forested environments where technologies for catching larger game 
which require throwing objects are inappropriate.
Net making requires a large investment of labour but the returns 
can be great providing for surpluses that could be used for occasional 
gatherings of people (Satterthwait 1985). Such surpluses are usually 
created when game are driven into the net but nets can also be set up 
to act as a trap to catch individual animals (Satterthwait 1986). Thus, 
while the evidence from the lower Darling region suggests that the 
large numbers of people were sometimes gathered together, the use of 
nets does not necessarily imply such behaviour.
The presence of fibre in the technology with the addition of the 
knotting technology associated with nets may suggest that other items
*
of material culture such as string bags were also made. String bags are 
essential for carrying surplus collected food. A possibility then exists 
for larger groups of people to have a division of labour which allows 
different sectors of the community to gather different foods bringing 
the excess back to other members of the community.
The fact that the first colonisers were deep sea fishers implies that they 
probably had already a division of labour and that the fishers 
provided, at least in part, for those who remained behind. This does 
not conjure up the picture implicit in many discussions about 
Pleistocene Australians (for example Lourandos 1983, 1985; Williams 
1987 and Walters 1989) of acephalous nomadic bands. I do not wish to 
suggest that there was no subsequent Aboriginal cultural change. 
However, the way in which the people arrived and the technology and 
social organisation associated with the first colonisers is an important 
consideration to bear in mind when constructing Australian 
Pleistocene prehistory.
Fibre may well have been the crucial element of the technology 
which allowed the colonisation of Greater Australia and its surrounds 
at least 40,000 years ago and the technological changes seen later in 
prehistory may be replacing elements of the fibre technology rather 
than the stone.
Future research
This work has only touched on the possibilities for archaeological 
research in western NSW. There is much more to do. To look at use of 
the whole basin archaeologists need to analyse settlement patterns 
away from the major resource bases. New methodologies will be 
required to deal with this fragmented and poorly preserved material. 
Analysis of hearths and microbotanical remains will be important, as 
will the production of reliable dating on ceramic products. There is 
also the analytic potential in the examination of regional variation of
the use of aquatic resources given that the mound systems of the 
southern Murray-Darling basin have yet to be satisfactorily explained.
Finally throughout this work I have recognised the bias in the sample 
from western NSW where organic material is mainly preserved in 
sediments associated with aquatic sources. There is no evidence for the 
remainder of the diet, either from plant materials or from other meat 
sources. The question of total diet could be perhaps partially resolved 
by an analysis of morphological and chemical attributes of the human 
skeletal material.
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